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CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority to U.S. Patent Application Serial No. 60/316,323 filed 
August 30, 2001, and to Canadian Patent Application Serial No. 2,356,540 filed August 31, 
2001, both of which is hereby incorporated in their entirety by reference to the extent not 
inconsistent with the disclosure herein. 

BACKGROUND OF THE INVENTION 
Mitochondrial disorders are a complex and polygenic group of conditions with the 
patient's symptoms varying due to differences in energetic threshold effect of various tissues 
and the stochastic nature of mtDNA segregation. Consequently, most mitochondrial 
disorders are best classified by their genetic cause rather than a biochemical or phenotypic 
profile (Shoffher, J. M., and Wallace, D. G, (1995) "Oxidative phosphorylation diseases," In 
The Metabolic and Molecular Basis of Inherited Disease, C. R. Scriver, A. L. Beaudet, W. S. 
Sly and D. Valle, eds. (New York: McGraw-Hill), pp.1535-1609; Wallace, D. C, (1999) 
"Mitochondrial diseases in man and mouse" Science 283: 1482-1488). Many mitochondrial 
diseases result from mutations in nuclear genes and a subset of these are known to act by 
destabilizing the mitochondrial genome. (Graham, B. et al., "A mouse model for 
mitochondrial myopathy and cardiomyopathy resulting from a deficiency in the heart/skeletal 
muscle isoform of the adenine nucleotide translocator," [1997] Nature Genetics 16:226-234; 
Shoffher, J. M., and Wallace, D.C., ^OxidadvQ phosphorylation diseases. Disorders of two 
genomes," [1990] Advances in Human Genetics 19:267-330; Zhu, Z. et al., "SURF1, 
encoding a factor involved in the biogenesis of cytochrome c oxidase, is mutated in Leigh's 
syndrome" [1998] Nature Genetics 20:337-43). 

The analysis of mitochondrial function in cultured cells using somatic cell genetics 
has been instrumental in the characterization of human mitochondrial disorders. Ethidium 
bromide and R-6G treatment have been used to create pO and mitochondria-less cell lines to 
analyze the maternal inheritance and biochemical phenotypes of many human mtDNA 
mutations (Chomyn, A. et al., "In vitro genetic transfer of protein synthesis and respiration 
defects to mitochondrial DNA-less cells with myopathy-patient mitochondria," [1991] 
Molecular and Cellular Biology 11:2236-2244; Jun, A.S. et al., "Use of transmitochondrial 
cybrids to assign a complex I defect to the mitochondrial DNA-encoded NADH 



WO 03/020220 PCT/US02/27886 

dehydrogenase subunit 6 gene mutation at nucleotide pair 14459 that causes Leber hereditary 
optic neuropathy and dystonia," [1996] Molecular and Cellular Biology Mll-Tll; King, 
M. P. et al., "Defects in mitochondrial protein synthesis and respiratory chain activity 
segregate with the tRNA Leu(UUR) mutation associated with mitochondrial myopathy, 
encephalopathy, lactic acidosis, and stroke-like episodes," [1992] Molecular and Cellular 
Biology 12:480-490; Trounce, I. et al., "Cytoplasmic transfer of the mtDNA nt 8993 TG 
[ATP6] point mutation associated with Leigh's syndrome into mtDNA-less cells demonstrates 
cosegregation with a decrease in state IH respiration and ADP/O ratio," [1994] Proc. Natl. 
AcadSci. t/.&^L 91:8334-8338). The creation ofcybrid cell lines with identical nuclear 
backgrounds but different mtDNA genotypes allows the comparison of one mtDNA mutant 
to another without the potential interference of nuclear genome polymorphisms. These 
cybrid lines have generally been analyzed using biochemical techniques such as assaying 
cellular respiration or respiratory complex specific activities by enzymology. Some gene 
expression studies have been performed, but they have generally been done on single or small 
groups of genes (Heddi, A. et al., "Mitochondrial DNA expression in mitochondrial 
myopathies and coordinated expression of nuclear genes involved in ATP," [1993] J. 
Biological Chemistry 268:12156-12163; Heddi, A.et al., "Coordinate induction of energy 
gene expression in tissues of mitochondrial disease patients" [1999] J Biol Chem 274:22968- 
76). 

Gene expression has been extensively studied. Although the regulation of mRNA 
abundance by changes in transcription or RNA degradation is by no means the only 
mechanism that regulates protein levels in a cell, virtually all differences in cell type or state 
can be correlated to changes in the mRNA abundance of several genes (Ahzadeh, A.A. et al., 
. distinct types of diffuse large B-cell lymphoma identified by gene expression profiling," 
[2000] Nature 403:503-11; DeRisi, J.L. et al., "Exploring the metabolic and genetic control 
of gene expression on a genomic scale," [1997] Science 278:680- 686; Schena, M. et al., 
"Quantitative monitoring of gene expression patterns with a complementary DNA 
microarray" [1995] Science TJ0:A61-10\ Schena, M. et al., "Parallel human genome analysis: 
microarray-based expression monitoring of 1000 genes" [1996] Proc Natl Acad Sci USA 
93:10614-9; Wallace D.C., grant abstract #2R01N502328-18; Kerstann, K.W. [2000] 
American Society for Human Genetics Abstract #1484; Kokoszka, J.E. [2000] American 
Society of Human Genetics Abstract #1618; Levy, S.E. [2001] American Society of Human 
Genetics Abstract #1501; Levy, S.E. [2000] "Genetic Alteration of the Mouse Mitochondrial 
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Genome and Effects on Gene Expression," Ph.D. Thesis, Emory University; Coskun, P.E. 
[2000] American Society of Human Genetics Abstract #1616; Sligh, J.K [2000] American 
Society for Human Genetics Abstract #53; Murdock, D.G. [2000] American Society for 
Human Genetics Abstract #55; Levy S.E. [2000] Keystone Symposia Abstract 119; Wallace, 
D.C., Ellison Medical Foundation, Senior Scholar Award in Aging). 

DNA microaiTay analysis has been used to study diffuse large B-cell lymphoma 
(DLBCL) where microarrays were used to expand the diagnosis of DLBCL (Alizadeh , A. A. 
et al., "Distinct types of diffuse large B-cell lymphoma identified by gene expression 
profiling," [2000] Nature 403:503-11). While standard histological and morphological 
techniques had defined subsets of DLBCL, array analysis revealed two clinically distinct 
classes. These two newly discovered classes were indistinguishable by standard pathology, 
but expression analysis showed a differential expression of hundreds of genes. Correlation of 
these molecular differences with differences in the progression of the disease and clinical 
outcome has revealed that these two classes of DLBCL could be considered separate diseases 
(Alizadeh, A. A, et al., <c Distinct types of diffuse large B-cell lymphoma identified by gene 
expression profiling," [2000] Nature 403:503-1 1). 

Mitochondrial DNA sequences have been associated with pathologies as described in 
U.S. patent numbers 5,670,320, 5,296,349, 5,185,244, and 5,494,794. Publications on the 
subject of mitochondrial biology include: Scheffler I.E. (1999) Mitochondria, Wiley-Liss, 
NY; Lestienne, P., Ed. (1999) Mitochondrial Diseases: Models and Methods. Springer- 
Verlag, Berlin; Methods in Enzymology (2000) 322:Section V Mitochondria and Apoptosis, 
Academic Press, CA; Mitochondria and Cell Death (1999) Princeton University Press, NJ; 
Papa S, Ferruciio G, and Tager J Eds. (1999) Frontiers of Cellular Bioenergetics: Molecular 
Biology,. Biochemistry, and Phvsiopathology, Kluwer Academic / Plenum Publishers, NY; 
Lemasters J and Nieminen A (2001) Mitochondria in Pathogenesis, Kluwer Academic / 
'Plenum Publishers, NY; MTTOMAP, http://ww.gen.emory.edu/cgi-gin/MITOMAP; 
Wallace D.C. (2001) "A mitochondrial paradigm for degenerative diseases and aging," 
Novartis Foundation Symposium 235:247-266; Wallace DC "Mitochondrial DNA in Aging 
and Disease" (August 1997) Scientific American 277:40-47; Wallace D.C. et al., 
"Mitochondrial biology, degenerative diseases and aging," (1998) BioFactors 7:187-190; 
Heddi, A. et al., "Coordinate Induction of Energy Gene Expression in Tissues of 
Mitochondrial Disease Patients" (1999) JBC 274:22968-22976; Wallace, D.C. 
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"Mitochondrial Diseases in Man and Mouse » (1999) Science 283:1482-1488; Saraste, M. 
"Oxidative Phosphorylation at the^n de siecle" (1999) Science 283:1488-1493; Kokoszka et. 
aL, "Increased mitochondrial oxidative stress in the Sod2 (+/-) mouse results in the age- 
related decline of mitochondrial function culminating in increased apoptosis," (2001) PNAS 
98:2278-2283; WaUace, D.C. (2001) Mental Retardation and Developmental Disabilities 
7:158-166; Wallace D.C. (2001) Am. J. Med. Gen. 106:71-93; and Wallace, D.C. (2001) 
EuroMit 5 Abstract. 

The analysis of mitochondrial disorders has traditionally consisted of molecular and 
biochemical descriptions of the defect (Shoffher, J. M., and Wallace, D. C, (1995) 
"Oxidative phosphorylation diseases," In The Metabolic and Molecular Basis of Inherited 
Disease. C. R. Scriver, A. L. Beaudet, W. S. Sly and D. Valle, eds. (New York: McGraw- 
Hill), pp.1535-1609). Only a limited number of analyses of changes in oxidative 
phosphorylation (OXPHOS) genes expression have been performed in humans harboring 
mtDNA mutations (Heddi, A. et aL, "Coordinate Induction of Energy Gene Expression in 
Tissues of Mitochondrial Disease Patients" (1999) JBC 274:22968-22976). The advent of 
mouse models for mitochondrial disease created by the inactivation of nuclear-encoded 
OXPHOS subunits has provided experimental material to study tissue-specific expression 
changes. (Murdock, D.G. et aL, "Up-regulation of nuclear and mitochondrial genes in the 
skeletal muscle of mice lacking the heart/muscle isoform of the adenine nucleotide 
translocator," [1999] J. Biol. Chem. 274:14429-33.) 

Nucleic acid arrays have been described, e.g., in patent nos. U.S. 5,837,832, U.S. 
5,807,522, U.S. 6,007,987, U.S. 6,110,426, WO 99/05324, 99/05591, WO 00/58516, WO 
95/11995, WO 95/35505A1, WO 99/42813, JP10503841T2, GR3030430T3, ES2134481T3, 
EP804731B1, DE69509925C0, CA2192095AA, AU2862995A1, AU709276B2, AT180570, 
EP 1066506, and AU 2780499. Such arrays can be incorporated into computerized methods 
for analyzing hybridization results when the arrays are contacted with prepared sample 
nucleotides, e.g., as described in PCT Publication WO 99/05574, and U.S. Patents 5,754,524; 
6228 575; 5,593,839; and 5,856,101. Methods for screening for disease markers are also 
known to the art, e.g., as described in U.S. Patents 6,228,586; 6,160,104; 6,083,698; 
6,268,398; 6,228,578; and 6,265,174. 
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All references cited herein are incorporated by reference in their entirety to the extent 
that they are not inconsistent with the disclosure herein. Citation of the above documents is 
not an admission that any of them are pertinent prior art. 

SUMMARY OF THE INVENTION 
This invention provides a library of genes involved in mitochondrial biology, arrays 
containing probes for genes involved in mitochondrial biology, methods for making such 
arrays, and methods of using such arrays. Genes and probe sequences involved in 
mitochondrial biology in humans and mice are provided. The arrays of this invention are 
useful for determining mitochondrial biology gene expression profiles. Mitochondrial 
biology gene expression profiles are useful for determining expression profiles diagnostic of 
energy metabolism-related physiological conditions; diagnosing such physiological 
conditions; identifying biochemical pathways, genes, and mutations involved in such 
physiological conditions; identifying therapeutic agents useful for preventing and/or treating 
such physiological conditions; evaluating and/or monitoring the efficacy of such therapies; 
and creating and identifying animal models of human energy metabolism-related 
physiological conditions. Arrays containing probes for all genes known to be involved in 
mitochondrial biology are provided, as well as arrays containing subsets of such probes. The 
mitochondrial biology expression arrays of this invention contain probes of genes not 
previously recognized to participate in mitochondrial biology. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagram of the mammalian mitochondrion showing mitochonrial 
energetics, and the relationship between energy production, reactive oxygen species (ROS) 
generation, and regulation of apoptosis. 

FIG. 2 is a depiction of a hybridized mouse array of this invention. The picture of the 
hybridized array shows the image generated when the two channels representing the control 
or reference and experimental targets are overlaid. When viewed in color, the spots appear 
various shades of red, green and yellow. Red spots indicate a predominance of hybridization 
to control cDNAs, while green spots indicate the predominance of hybridization to the 
experimental target sample. Yellow spots indicate an equal hybridization of both samples. 
Spots that are yellow-green or orange when the array is shown in color are depicted as half 
yellow and green, or half red and yellow, respectively. 

5 
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FIG. 3 shows the pO LMEB4 cell line gene expression scatter plot. The scatter plot 
shows the distribution of gene expression ratio for the pO LMEB4 sample. The diagonal 
dotted line indicates a ratio of 1 between the two samples. Any spot above the dotted line is 
up-regulated or more abundant in the pO LMEB4 experimental sample compared to the 
LM(TK) - control. Any spot below the dotted line is down-regulated or less abundant in the 
experimental sample compared to the control. 

FIG. 4 shows NZB heart gene expression scatter plot. The scatter plot shows the 
distribution of gene expression ratio for the NZB heart tissue sample. The diagonal dotted 
line indicates a ratio of 1 between the two samples. Any spot above the dotted line is up- 
regulated or more abundant in the NZB-mtDNA heart experimental sample compared to die 
"common" mtDNA control heart. Any spot below the dotted line is down-regulated or less 
abundant in the experimental sample compared to the control. 

DETAILED DESCRIPTION OF THE INVENTION 
An approach to examining the complex interaction between nuclear and cytoplasmic 
mitochondrial genes is through the use of arrays such as DNA arrays. DNA microarrays 
provide a means to profile the expression patterns of up to thousands of genes 
simultaneously, and knowing where and when a gene is expressed often provides insight into 
its biological function. The pattern of gene expression in a particular tissue or cell type can 
also provide detailed information about its state or condition. 

Currentiy, DNA microarrays are the most efficient method to monitor correlative 
changes in gene expression and to investigate complex traits on a molecular level. 
Expression profiles assembled from multiple interrelated experiments are used to determine 
hierarchical connections between gene expression patterns underlying complex biological 
traits. These patterns are used to further define the molecular basis of complex disorders. 

The mitochondrion is assembled from approximately 1000 protein-coding nuclear 
DNA (nDNA) and mitochondrial DNA (mtDNA) genes. Thirteen protein-coding 
mitochondrial genes are known, as shown in Table 1. The codon usage table of the mtDNA 
is known. It differs slightly from the universal code. For example, UGA codes for 
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tryptophan instead of termination, AUA codes for methionine instead of isoleucine, and 
AGA and AGG are terminators instead of coding for arginine. 

Table 1 



Gene 


Map Locus 8 


Abbreviation 


Location" 


NADH dehydrogenase 1 


MTND1 


ND1 


3307-4262 


NADH dehydrogenase 2 


MTND2 


ND2 


4470-5511 


NADH dehydrogenase 3 


MTND3 


ND3 


10059-10404 


NADH dehydrogenase 4L 


MTND4L 


ND4L 


10470-10766 


NADH dehydrogenase 4 


MTND4 


ND4 


10760-12137 


NADH dehydrogenase 5 


MTND5 


ND5 


12337-14148 


NADH dehydrogenase 6 


MTND6 


ND6 


14149.14673 


Cytochrome b 


MTCYB 


Cytb 


14747-15887 


Cytochrome c oxidase I 


MTCOl 


COI 


5904-7445 


Cytochrome c oxidase II 


MTC02 


con 


7586-8269 


Cytochrome c oxidase HI 


MTC03 


com 


9207-9990 


ATP synthase 6 


MTATP6 


ATP6 


8527-9207 


ATP synthase 8 


MTATP8 


ATP8 


8366-8572 



numbered relative to the Cambridge Sequence (Genbank accession no. J01415 and 
Andrews et aL (1999), A Reanalysis and Revision of the Cambridge Reference 
Sequence for Human Mitochondrial DNA, Nature Genetics 23:147. 

As used herein "gene" refers to a unigene cluster, an expressed sequence, or a 
sequence that is transcribed and translated into a protein. Another word used in the art for 
"gene" is "locus " The National Institutes of Health (NIH) have instituted the term "unigene 
cluster" to refer to non-redundant sets of gene clusters. A stretch of DNA may be transcribed 
into several splice variants that share sequences, and these would be designated as belonging 
to one unigene cluster. As used herein "splice variant" refers to one version of several 
transcripts that are transcribed from one gene. As used herein "housekeeping gene" refers to 
a gene that is expressed at a similar level in almost all cell types. 



As used herein "genes involved in mitochondrial biology 5 ' refers to mitochondrial 
genes and nuclear genes involved in cellular structures and functions such as intermediary 
metabolism, OXPHOS, mitochondrial transport, cellular bioenergetics, cellular biogenesis, 
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cell cycle control, DNA replication, energy, metabolism, heat shock, stress, cellular matrix, 
cellular structural proteins, protein synthesis and translational control, signal transduction, 
transcription and transcriptional regulation, chromatin structure, reactive bxygen species 
(ROS) biology, and apoptosis. 

"mtDNA" means mitochondrial DNA. "nDNA" means nuclear DNA. 

As used herein "mitochondrial biology expression profile" refers to the expression 
patterns of genes involved in mitochondrial biology, such as is detected by probes derived 
from those genes, in a sample. The profile can be said to be of the sample or of the source 
from which the sample is derived. A profile may be measured independently, but a profile 
may also measured relative to a standard or control or other sample. A complete 
mitochondrial biology expression profile includes data on all genes known to be involved in 
mitochondrial biology for the species from which the sample is derived. The mitochondrial 
biology expression profile for a selected physiological condition is at least the expression 
pattern of genes determined to have altered expression diagnostic of that physiological 
condition, but the expression pattern of additional genes involved in mitochondrial biology 
may also be included. 

As used herein "array" refers to an ordered set of isolated nucleic acid molecules or 
spots consisting of pluralities of substantially identical isolated nucleic acid molecules. 
Preferably the molecules are attached to a substrate. The spots or molecules are ordered so 
that the location of each (on the substrate) is known and the identity of each is known. 
Arrays on a micro scale can be called microarrays. Microarrays on solid substrates, such as 
glass or other ceramic slides, can be called gene chips or chips. 

As used herein, an "isolated nucleic acid" is a nucleic acid outside of the context in 
which it is found in nature. An isolated nucleic acid is a nucleic acid the structure of which is 
not identical to that of any naturally occurring nucleic acid molecule. The term covers, for 
example: (a) a DNA which has the sequence of part of a naturally-occurring genomic DNA 
molecule but is not flanked by both of the coding or noncoding sequences that flank that part 
of the molecule in the genome of the organism in which it naturally occurs; (b) a nucleic acid 
incorporated into a vector or into the genomic DNA of a prokaryote or eukaryote in a manner 
such that the resulting molecule is not identical to any naturally-occurring vector or genomic 
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DNA; (c) a separate molecule such as a cDNA, a genomic fragment, a fragment produced by 
polymerase chain reaction (PCR), or a restriction fragment; and (d) a recombinant nucleotide 
sequence that is part of a hybrid gene, i.e., a gene encoding a fusion protein, or a modified 
gene having a sequence not found in nature. 

As used herein "probe" refers to an isolated nucleic acid that is suitable for 
hybridizing to other nucleic acids when placed on a solid substrate. Probes for arrays can be 
as short as 20-30 nucleotides and up to as long as several thousand nucleotides. Probes can 
be single-stranded or double stranded. A probe usually comprises at least a partially known 
sequence that is used to investigate or interrogate the presence, absence, and/or amount of a 
complementing sequence. On the arrays of this invention, a probe is of such a sequence and 
the hybridization conditions of such stringency that each probe hybridizes substantially to 
only one type of nucleic acid per target sample. 

As used herein, "target" or "target sample" refers to the collection of nucleic acids, 
e.g., reverse transcribed and labeled cDNA used as a prepared sample for array analysis. The 
target is interrogated by the probes of the array. A "target" or "target sample" may be a 
mixture of several prepared samples that are combined. For example, an experimental target 
sample may be combined with a differently labeled control sample and hybridized to an 
array, the combined samples being referred to as the "target" interrogated by the probes of the 
array. As used herein, "interrogated" means tested. Probes, targets, and hybridization 
conditions are chosen such that the probes are capable of interrogating the target, i.e., of 
hybridizing to complementary sequences in the target sample. 

As used herein "physiological condition" refers to a healthy or unhealthy 
physiological state. As used herein "optimize an array for diagnosis" refers to selecting 
probes for an array such that only probes from genes necessary for diagnosis of one or more 
physiological conditions are included. 

As used herein "printing" refers to the process of applying probes to a solid substrate, 
e.g., or applying arrays of probes to a solid substrate to make a gene chip. As used herein 
"glass slide" refers to a small piece of glass of the same dimensions as a standard microscope 
slide. As used herein, "prepared substrate" refers to a substrate that is prepared with a 
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substance capable of serving as an attachment medium for attaching the probes to the 
substrate, such as poly Lysine. 

As used herein "selective hybridization" refers to hybridization at moderate to high 
stringency such that only sequences of an appropriate homology can remain bound. Selective 
hybridization is hybridization performed at stringency conditions such that probes only 
hybridize to target sample nucleic acids that they are intended to hybridize with. Depending 
on the sequences of the probes and the target, the hybridization conditions are chosen to be 
appropriately selective. For example, if human sequences are used as probes for 
interrogating a human sample, selective hybridization could be at high stringency because, 
allowing for neutral polymorphism in humans, the sequences would be about 99-100% 
identical. When applying a chimpanzee target prepared sample to an array containing human 
sequence probes, selective hybridization would be at a lower stringency. Since hybridizing a 
target to an array is performed at one chosen hybridization stringency, probes are chosen so 
that they can undergo selective hybridization with the appropriate target molecules at the> 
same hybridization stringency. As used herein "homology" refers to nucleotide sequence 
identity to a sequence, a molecule, or its complement. 

As used herein "mouse sample" refers to a sample derived from a mouse or a cell line 
derived from a mouse. Similarly, as used herein, "human sample" refers to a sample derived 
from a human or a cell line derived from a human. Samples preferably contain total RNA or 
messenger RNA (mRNA). As used herein "total RNA" refers to a combination of several 
types of RNA, including mRNA, from a cell or a group of cell. As used herein, "mRNA" 
refers to messenger RNA or RNA that has a 3 f poly A tail. As used herein, a "prepared 
sample" or a "target" refers to a sample that has been labeled in preparation for array 
hybridization. A "prepared sample" or "target" is reverse transcribed and fluorescently 
labeled. As used herein "standard" refers to a sample or a dataset that is commonly used for 
comparison to unknown samples so that the unknown samples or datasets can be standardized 
for comparison to each other. As used herein, "control sample" and "reference sample" refer 
to samples that are used for comparison against an experimental sample. 

As used herein, "clone" refers to an isolated nucleic acid molecule that may be stored 
in an organism such as E. colL A clone is usually made of a vector and an insert. The insert 
usually contains a sequence of interest. 
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For mitochondrial diseases, the accuracy of current biochemical and phenotypic 
techniques has proven quite limited in distinguishing and diagnosing the various disorders* 
Recent technical and analytical advancements make it practical to analyze and quantitate the 
expression patterns of thousands of genes at once using arrays such as DNA microarrays. 
This invention applies these array techniques to the study of mitochondrial gene expression, 
in the design of specialized microarrays conta ining genes involved in mitochondrial biology. 
The arrays of this invention contain probes for genes not previously recognized to participate 
in mitochondrial biology. 

Genes, or expressed sequences, involved in mitochondrial biology are involved in 
cellular structures and functions such as intermediary metabolism, OXPHOS, transport, 
cellular bioenergetics, cellular biogenesis, cell cycle control, DNA replication, energy, 
metabolism, heat shock, stress, cellular matrix, cellular structural proteins, protein synthesis 
and translational control, signal transduction, transcription and transcriptional regulation, 
chromatin structure, reactive oxygen species (ROS) biology and apoptosis. Alterations in 
mitochondrial functions are associated with a variety of physiological conditions including 
degenerative diseases. These functions are involved in many degenerative diseases. This 
invention provides a compilation of sequences involved in human and mouse mitochondrial 
biology. 

The genes in the arrays of this invention were identified by a variety of techniques 
including searching databanks for sequences related to genes involved in processes similar to 
mitochondrial biology such as homologues of prokaryotic genes, and screening mitochondrial 
mutant cell lines and animal lines for genes having altered expression patterns. When a 
relevant gene was identified for one species, such as the mouse, the homologue for a second 
species, such as human, if known, was then included on the list of genes involved in 
mitochondrial biology for the second species. Mitochondrial mutant cell lines are cell lines 
that have at least one mutation in a gene involved in mitochondrial biology. 

The microarrays or gene chips of this invention comprise probes placed in known 
positions on a solid substrate. A useful solid substrate is a specialized glass microscope slide. 
The arrays of this invention include arrays containing probes that detect some or all expressed 
sequences involved in mitochondrial biology in a selected species. 
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Arrays of this invention may contain control probes as well as probes for genes 
involved in mitochondrial biology. Controls that can be included on the arrays of this 
invention include hybridization controls and scanning controls. The controls can be positive 
or negative controls. One type of hybridization control is spotting the same probe for a gene 
involved in mitochondrial biology several times on one chip, each spot having different 
amounts of probe. This allows for the amount of probe of a given sequence to be optimized. 
Spotting too little probe may lead to a maximum hybridization signal resulting in a loss of 
data. Dimethyl sulfoxide (DMSO) can be used as a negative hybridization and scanning 
control. A spot of DMSO should give no signal. If there is any signal at a DMSO spot, the 
problem could be at hybridization or scanning steps. Plant sequences having sufficiently low 
homology with human and mouse sequences can be utilized as negative hybridization and 
scanning controls. Plant sequences should not give any signal. A signal at a plant spot could 
indicate a problem with hybridization, i.e. too low a hybridization stringency was used, or 
with scanning, i.e., the chip was inserted into the scanner at the incorrect orientation. Poly A 
can be used as a positive hybridization specificity/non specificity control. A poly A spot 
should always give intense hybridization. No signal at a poly A spot could be the result of 
use of too high a hybridization stringency. Cy3 or Cy5 incorporated into a PCR product can 
be a positive scanning control. A spot on an array of a PCR product, or any other nucleic 
acid, that includes fluorescent label, should always give a signal, and if this sequence has no 
homology with any other sequence in the target, there should only be a signal of the label 
included in the nucleic acid. Control probes and probes for genes involved in mitochondrial 
biology can be duplicated, triplicated, etc. on the chip as printing controls. Controls for 
arrays can be purchased from Stratagene (SpotReport™, La Jolla, CA, USA). 

Standard targets and reference targets are also useful with the arrays of this invention, 
as is known in the art. When a prepared sample target to be interrogated is applied to an 
array of this invention, the results of the test are measured, i.e. by scanning, and recorded. 
These results can be compared directly to other test results using a similar array. However, it 
is much more accurate to include a differently labeled standard target in the hybridization mix 
with the prepared sample target. The results of the experimental sample target are then 
standardized, so that they can be compared accurately to the results of hybridizations of other 
sample targets. If ten different prepared sample targets are hybridized to arrays of this 
invention, simultaneously with the same prepared standard target, then the results of the ten 
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sample targets can be accurately compared to each other. A prepared reference or control 
target.for comparison can also be particularly pertinent to the experiment being performed. A 
prepared reference target could be a target sample derived from the same cell type from an 
animal of the same sex, age, and nuclear background as the experimental target sample, 
except for one difference, such as a different phenotype or treatment. Comparing the results 
of the experimental target with the results of an appropriate reference target yields a profile 
associated with the one difference being tested. When the hybridization results of a first 
sample are compared to the hybridization results of a second sample, the comparison can 
occur while the hybridization results of the first sample are being measured and recorded, or 
afterwards, by comparing the measured and recorded hybridization results of the two 
samples. 

Probes on an array may be as short as about 20-30 nucleotides long or as long as the 
entire gene or clone from which they are derived, which may be up to several Idlobases. A 
probe sequence may be identical (have 100% homology) to the portion of the gene it 
hybridizes to or it may be a mutated sequence. Mutated probes have less than 100% 
homology, such as about 98% homology, about 95% homology, about 90% homology, about 
80% homology, or about 75% homology, or less, with the portions of the genes to which they 
hybridize. Arrays are designed such that all probes on an array can hybridize to their 
corresponding genes at about the same hybridization stringency. Probes for arrays used for 
interrogating samples usually do not contain sequences such as repetitive sequences that 
would hybridize substantially with nucleic acids derived from more than one gene, i.e., 
transcripts or cDNAs. Probes for arrays should be unique at the hybridization stringencies 
used. Statistically, to be unique in the total human genome, probes should be at least about 
fifteen nucleotides long. A unique probe is only able to hybridize with one type of nucleic 
acid per target. A probe is not unique if at the hybridization stringency used, it hybridizes 
with nucleic acids derived from two different genes, i.e. related genes. The homology of the 
sequence of the probe to the gene and the hybridization stringency used help determine 
whether a probe is unique when testing a selected sample. Probes also may not hybridize 
with different nucleic acids derived from the same gene, i.e., splice variants. The location in 
the gene of the sequence used for the probe also helps determines whether a probe is unique 
when testing a selected sample. If the splice variants of a gene are known, ideally several 
different probes sequences are chosen from that gene for an array, such that each probe can 
only hybridize to nucleic acid derived from one of the splice variants. References for 
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sequences of probes useful for arrays of this invention are compiled in Tables 3-5 and in the 
sequence listings. Other equivalent probes derived from the gene sequences from which the 
Tables 3-5 probes are derived, are also useful for the arrays of this invention. Arrays of this 
invention are used at hybridization conditions allowing for selective hybridization. At 
conditions of selective hybridization, probes hybridize with nucleic acid from only one gene. 
When an array is simultaneously hybridized with two targets or two prepared samples, each 
probe may hybridize with a nucleic acid in each prepared sample or target. When these two 
nucleic acids are from the same unigene cluster, the probe is said to hybridize with one gene, 
despite the fact that these nucleic acids may contain different labels. 

Sequences of genes involved in mitochondrial biology from other species can be used 
to make probes that are useful in the arrays of this invention as long as they hybridize at 
about the same hybridization stringency as other probes on an array. Sequences that are only 
able to hybridize at a substantially lower stringency, such as plant sequences, are useful as 
negative controls. 

The arrays of this invention can be utilized to determine profiles for related species by 
modifying the hybridization stringency appropriately. Sequence homology between 
organisms is known in the art. For example, human and chimpanzee sequences are about 
98% identical. Consequently, human arrays are useful for profiling chimpanzees, with an 
appropriate lowering of the hybridization stringency. Hybridization stringency can be 
lowered by modifying hybridization components such as salt concentrations and 
hybridization and/or wash temperatures, as is known in the art. 

The sequences useful for the arrays of this invention are useful for designing arrays 
for other species as well. To create an array for a new organism, the known sequences from 
the new organism, including expressed sequence tags (ESTs), are compared, by methods 
known to the art, with the sequences known to already be useful for other mitochondrial 
biology arrays. Sequence comparisons may be performed at the nucleic acid or polypeptide 
level. Homologous and analogous sequences from the new organism are thereby identified 
and selected for the new organism's mitochondrial array. The probes on the arrays of this 
invention are also useful as probes for identifying candidates for the new organism's array 
using molecular biology techniques that are standard in the art such as screening libraries. 
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All sequences given herein are meant to encompass the complementary strand, as well 
as double-stranded polynucleotides comprising the given sequence. 

Microarrays of this invention can contain as few as two probes to as many as all the 
probes diagnostic of the selected physiological condition to be tested. Microarrays of this 
invention may also contain probes for all genes involved in mitochondrial biology. The 
arrays of this invention may contain probes for at least about five genes, at least about ten 
genes, at least about twenty-five genes, at least about fifty genes, at least about 100 genes, at 
least about 500 genes, or at least about 1000 genes. The mouse array may contain probes for 
at least about 950 genes and the human array may contain probes for at least about 600 genes. 
Arrays of this invention may comprise more than about five spots, more than about ten spots, 
more than about twenty-five spots, more than about one hundred spots, more than about 500 
spots, or more than about 1000 spots. 

Using microarrays may require amplification of target sequences (generation of 
multiple copies of the same sequence) of sequences of interest, such as by PCR or reverse 
transcription. As the nucleic acid is copied, it is tagged with a fluorescent label that emits 
light like a light bulb. The labeled nucleic acid is introduced to the microarray and allowed to 
react for a period of time. This nucleic acid sticks to, or hybridizes, with the probes on the 
array when the probe is sufficiently complementary to the labeled, amplified, sample nucleic 
acid. The extra nucleic acid is washed off of the array, leaving behind only the nucleic acid 
that has bound to the probes. By obtaining an image of the array with a fluorescent scanner 
and using software to analyze the hybridized array image, it can be determined if, and to what 
extent, genes are switched on and off, or whether or not sequences are present, by comparing 
fluorescent intensities at specific locations on the array. The intensity of the signal indicates 
to what extent a sequence is present. In expression arrays, high fluorescent signals indicate 
that many copies of a gene are present in a sample, and lower fluorescent signal shows a gene 
is less active. By selecting appropriate hybridization conditions and probes, this technique is 
useful for detecting single nucleotide polymorphisms (SNPs) and for sequencing. Methods 
of designing and using microarrays are continuously being improved (Relogio, A. et al. 
(2002) Nuc. Acids. Res. 30(ll):e51; Iwasaki, H et al. (2002) DNA Res. 9(2):59-62; and 
Lindroos, K. et al. (2002) Nuc. Acids. Res. 30(14):E70). 
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Arrays of this invention may be made by any array synthesis methods known in the 
art such as spotting technology or solid phase synthesis. Preferably the arrays of this 
invention are synthesized by solid phase synthesis using a combination of photolithography 
and combinatorial chemistry. Some of the key elements of probe selection and array design 
are common to the production of all arrays. Strategies to optimize probe hybridization, for 
example, are invariably included in the process of probe selection. Hybridization under 
particular pH, salt, and temperature conditions can be optimized by taking into account 
melting temperatures and by using empirical rules that correlate with desired hybridization 
behaviors. Computer models may be used for predicting the intensity and concentration- 
dependence of probe hybridization. 

Arrays, also called DNA microarrays or DNA chips, are fabricated by high-speed 
robotics, generally on glass but sometimes on nylon substrates, for which probes (Phimister, 
B. (1999) Nature Genetics 21s: 1-60) with known identity are used to determine 
complementary binding. An experiment with a single DNA chip can provide researchers 
information on thousands of genes simultaneously. There are several steps in the design and 
implementation of a DNA array experiment. Many strategies have been investigated at each 
of these steps: 1) DNA types; 2) Chip fabrication; 3) Sample preparation; 4) Assay; 5) 
Readout; and 6) Software (informatics). 

There are two major application forms for the array technology: 1) Determination of 
expression level (abundance) of genes; and 2) Identification of sequence (gene / gene 
mutation). There appear to be two variants of the array technology, in terms of intellectual 
property, of arrayed DNA sequence with known identity: Format I consists of probe cDNA 
(500-5,000 bases long) immobilized to a solid surface such as glass using robot spotting and 
exposed to a set of targets either separately or in a mixture. This method, "traditionally" 
called DNA microarray, is widely considered as having been developed at Stanford 
University. (R. Ekins and F.W. Chu "Microarrays: their origins and applications," [1999] 
Trends in Biotechnology, 17:217-218). Format II consists of an array of oligonucleotide 
(20~80-mer oligos) or peptide nucleic acid (PNA) probes synthesized either in situ (on-chip) 
or by conventional synthesis followed by on-chip immobilization. The array is exposed to 
labeled sample DNA, hybridized, and the identity/abundance of complementary sequences is 
determined. This method, "historically" called DNA chips, was developed at Affymetrix, 
Inc., which sells its photolithographically fabricated products under the GeneChip® 
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trademark. Many companies are manufacturing oligonucleotide-based chips using alternative 
in-situ synthesis or depositioning technologies. 

Probes on arrays can be hybridized with fluorescently-labeled target polynucleotides 
and the hybridized array can be scanned by means of scanning fluorescence microscopy. The 
fluorescence patterns are then analyzed by an algorithm that determines the extent of 
mismatch, content, identifies polymorphisms, and provides some general sequencing 
information (M. Chee et al., [1996] Science 274:610). Selectivity is afforded in this system 
by low stringency washes to rinse away non-selectively adsorbed materials. Subsequent 
analysis of relative binding signals from array elements determines where base-pair 
mismatches may exist This method then relies on conventional chemical methods to 
maximize stringency, and automated pattern recognition processing is used to discriminate 
between fully complementary and partially complementary binding. 

Devices such as standard nucleic acid microarrays or gene chips, require data 
processing algorithms and the use of sample redundancy (i.e., many of the same types of 
array elements for statistically significant data interpretation and avoidance of anomalies) to 
provide semi-quantitative analysis of polymorphisms or levels of mismatch between the 
target sequence and sequences immobilized on the device surface. Such algorithms and 
software useful for statistical analysis are known to the art. 

Using microarrays first requires amplification (generation of multiple copies of the 
same gene) of genes of interest, such as by reverse transcription. As the nucleic acid is 
copied, it is tagged with a fluorescent label that emits light like a light bulb. The labeled 
nucleic acid is introduced to the microarray and allowed to react for a period of time. This 
nucleic acid sticks to, or hybridizes, with the probes on the array when the probe is 
sufficiently complementary to the nucleic acid in the prepared sample. The extra nucleic acid 
is washed off of the array, leaving behind only the nucleic acid that has bound to the probes. 
By obtaining an image of the array with a fluorescent scanner and using software to analyze 
the hybridized array image, it can be determined if and to what extent genes are switched on 
and off, or whether or not sequences are present, by comparing fluorescent intensities at 
specific locations on the array. High fluorescent signals indicate that many copies of a gene 
are present in a prepared sample, and lower fluorescent signal shows a gene is less active. 
Expression levels for various genes under different conditions can be directly compared, such 
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as for a cancer ceil and a normal cell. Similarly, it can be determined what genes are turned 
on and off in response to certain stimuli such as a drug. Such information is valuable because 
it identifies genes in disease pathways and also is predictive of either efficacy or toxicity of 
drugs. 

Detecting a particular polymorphism can be accomplished using two probes. One 
probe is designed to be perfectly complementary to a target sequence, and a partner probe is 
generated that is identical except for a single base mismatch in its center. In the Affymetrix 
system, these probe pairs are called the Perfect Match probe (PM) and the Mismatch probe 
(MM). They allow for the quantitation and subtraction of signals caused by non-specific 
cross-hybridization. The difference in hybridization signals between the partners, as well as 
their intensity ratios, serve as indicators of specific target abundance, and consequently of the 
sequence. 

Arrays can rely on multiple probes to interrogate individual nucleotides in a sequence. 
The identity of a target base can be deduced using four identical probes that vary only in the 
target position, each containing one of the four possible bases. Alternatively, the presence of 
a consensus sequence can be tested using one or two probes representing specific alleles. To 
genotype heterozygous or genetically mixed samples, arrays with many probes can be created 
to provide redundant information, resulting in unequivocal genotyping. 

Probes fixed on solid substrates and targets (nucleotide sequences in the sample) are 
combined in a hybridization buffer solution and held at an appropriate temperature until 
annealing occurs. Thereafter, the substrate is washed free of extraneous materials, leaving 
the nucleic acids on the target bound to the fixed probe molecules allowing for detection and 
quantitation by methods known in the art such as by autoradiograph, liquid scintillation 
counting, and/or fluorescence. As improvements are made in hybridization and detection 
techniques, they can be readily applied by one of ordinary skill in the art. As is well known 
in the art, if the probe molecules and target molecules hybridize by forming a strong non- 
covalent bond between the two molecules, it can be reasonably assumed that the probe and 
target nucleic acid are essentially identical, or almost completely complementary if the 
annealing and washing steps are carried out under conditions of high stringency. The 
detectable label provides a means for determining whether hybridization has occurred. 
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When using oligonucleotides or polynucleotides as hybridization probes, the probes 
may be labeled. In arrays of this invention, the target may instead be labeled by means 
known to the art. Target may be labeled with radioactive or non-radioactive labels. Targets 
preferably contain fluorescent labels. 

Various degrees of stringency of hybridization can be employed. The more stringent 
the conditions are, the greater the complementarity that is required for duplex formation. 
Stringency can be controlled by temperature, probe concentration, probe length, ionic 
strength, time, and the like. Hybridization experiments are often conducted under moderate 
to high stringency conditions by techniques well know in the art, as described, for example in 
Keller, G.H., and M.M. Manak (1987) DNA Probes, Stockton Press, New York, NY., pp. 
169-170, hereby incorporated by reference. However, sequencing arrays typically use lower 
hybridization stringencies, as is known in the art. 

Moderate to high stringency conditions for hybridization are known to the art. An 
example of high stringency conditions for a blot are hybridizing at 68° C in 5X SSC/5X 
Denhardt's solution/0.1% SDS, and washing in 0.2X SSC/0.1% SDS at room temperature. 
An example of conditions of moderate stringency are hybridizing at 68° C in 5X SSC/5X 
Denhardt's solution/0.1% SDS and washing at 42° C in 3X SSC. The parameters of 
temperature and salt concentration can be varied to achieve the desired level of sequence 
identity between probe and target nucleic acid. See, e.g., Sambrook et al. (1989) vide infra or 
Ausubel et al. (1995) Current Protocols in Molecular Biology, John Wiley & Sons, NY, NY, 
for further guidance on hybridization conditions. 

The melting temperature is described by the following formula (Beltz, G.A. et aL, 
[1983] Methods of Enzvmologv. R. Wu, L. Grossman and K. Moldave [Eds.] Academic 
Press, New York 100:266-285). 

Tm=81.5o C + 16.6 LogPNa+]+0.41(4<HQ^ of duplex in base 

pairs. 

Washes can typically be carried out as follows: twice at room temperature for 15 
minutes in IX SSPE, 0.1% SDS (low stringency wash), and once at TM-20o C for 15 
minutes in 0.2X SSPE, 0.1% SDS (moderate stringency wash). 
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Nucleic acid useful in this invention can be created by Polymerase Chain Reaction 
(PCR) amplification. PCR products can be confirmed by agarose gel electrophoresis. PCR is 
a repetitive, enzymatic, primed synthesis of a nucleic acid sequence. This procedure is well 
known and commonly used by those skilled in this art (see Mullis, U.S. Patent Nos. 
4,683,195, 4,683,202, and 4,800,159; SaifcL et al. [1985] Science 230:1350-1354). PCR is 
used to enzymatically amplify a DNA fragment of interest that is flanked by two 
oligonucleotide primers that hybridize to opposite strands of the target sequence. The 
primers are oriented with the 3 f ends pointing towards each other. Repeated cycles of heat 
denaturation of the template, annealing of the primers to their complementary sequences, and 
extension of the annealed primers with a DNA polymerase result in the amplification of the 
segment defined by the 5 f ends of the PCR primers. Since the extension product of each 
primer can serve as a template for the other primer, each cycle essentially doubles the amount 
of DNA template produced in the previous cycle. This results in the exponential 
accumulation of the specific target fragment, up to several million-fold in a few hours. By 
using a thermostable DNA polymerase such as the Taq polymerase, which is isolated from 
the thermophilic bacterium Thermus aquaticus, the amplification process can be completely 
automated. Other enzymes that can be used are known to those skilled in the art. 

Polynucleotide sequences of the present invention can be truncated and/or mutated 
such that certain of the resulting fragments and/or mutants of the original full-length 
sequence can retain the desired characteristics of the full-length sequence. A wide variety of 
restriction enzymes that are suitable for generating fragments from larger nucleic acid 
molecules are well known. In addition, it is well known that Bal31 exonuclease can be 
conveniently used for time-controlled limited digestion of DNA. See, for example, Maniatis 
(1982) Molecular winnin g: A Laboratory Manual, Cold Spring Harbor Laboratory, New 
York, pages 135-139, incorporated herein by reference. See also Wei et al. (1983) J. Biol 
Chem. 258:13006-13512. By use of Bal31 exonuclease (commonly referred to as "erase-a- 
base" procedures), the ordinarily skilled artisan can remove nucleotides from either or both 
ends of the subject nucleic acids to generate a wide spectrum of fragments that are 
functionally equivalent to the subject nucleotide sequences. One of ordinary skill in the art 
can, in this manner, generate hundreds of fragments of controlled, varying lengths from 
locations all along the original molecule. The ordinarily skilled artisan can routinely test or 
screen the generated fragments for their characteristics and determine the utility of the 
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fragments as taught herein. It is also well known that the mutant sequences can be easily 
produced with site-directed mutagenesis. See, for example, Larionov, O.A. and Nikiforov, 
V.G. (1982) Genetika 18(3):349-59; and Shortle, D. et aL, (1981) Annu. Rev. Genet. 15:265- 
94, both incorporated herein by reference. The skilled artisan can routinely produce deletion- 
, insertion-, or substitution-type mutations and identify those resulting mutants that contain 
the desired characteristics of wild-type sequences, or fragments thereof. 

Thus, mutational, insertional, and deletional variants of the disclosed nucleotide 
sequences can be readily prepared by methods which are well known to those skilled in the 
art. These variants can be used in the same manner as the exemplified primer sequences so 
long as the variants have substantial sequence homology with the original sequence. As used 
herein, substantial sequence homology refers to homology that is sufficient to enable the 
variant polynucleotide to function in the same capacity as the polynucleotide from which the 
probe was derived. Homology is greater than 80%, greater than 85%, greater than 90%, or 
greater than 95%. The degree of homology or identity needed for the variant to function in 
its intended capacity depends upon the intended use of the sequence. It is well within the 
skill of a person trained in this art to make mutational, insertional, and deletional mutations 
that are equivalent in function or are designed to improve the function of the sequence or 
otherwise provide a methodological advantage. 

Percent sequence identity of two nucleic acids may be determined using the algorithm 
of Karlin and Altschul (1990) Proa Natl Acad. Set USA 87:2264-2268, modified as in 
Karlin and Altschul (1993) Proc. Natl Acad. Sci. USA 90:5873-5877. Such an algorithm is 
incorporated into the NBLAST and XBLAST programs of Altschul et al. (1990) J. Mol Biol 
215:402-410. BLAST nucleotide searches are performed with the NBLAST program, score 
= 100, wordlength = 12, to obtain nucleotide sequences with the desired percent sequence 
identity. To obtain gapped alignments for comparison purposes, Gapped BLAST is used as 
described in Altschul et al. (1997) Nucl. Acids. Res. 25:3389-3402. When utilizing BLAST 
and Gapped BLAST programs, the default parameters of the respective programs (NBLAST 
and XBLAST) are used. See http://www.ncbi.nih.gov. 

Standard techniques for cloning, DNA isolation, amplification and purification, for 
enzymatic reactions involving DNA ligase, DNA polymerase, restriction endonucleases and 
the like, and various separation techniques useful herein are those known and commonly 
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employed by those skilled in the art. A number of standard techniques are described in 
Sambrook et al. (1989) Molecular Cloning, Second Edition, Cold Spring Harbor Laboratory, 
Plainview, New York; Maniatis et al. (1982) Molecular Cloning, Cold Spring Harbor 
Laboratory, Plainview, New York; Wu (ed.) (1993) Meth. EnzymoL 218, Part I; Wu (ed.) 
(1979) Meth. EnzymoL 68; Wu et al. (eds.) (1983) Meth. EnzymoL 100 and 101; Grossman 
and Moldave (eds.) Meth. EnzymoL 65; Miller (ed.) (1972) Experiments in Molecular 
Genetics, Cold Spring Harbor Laboratory, Cold Spring Harbor, New York; Old and Primrose 
(1981) Princi ples of Gene Manipulation, University of California Press, Berkeley; Schleif 
and Wensink (1982) Practical Methods in Molecular Biology: Glover (Ed.) (1985) DNA 
Cloning Vol. I and II, IRL Press, Oxford, UK; Hames and Higgins (Eds.) (1985) Nucleic 
And Hybridization, IRL Press, Oxford, UK; Setlow and Hollaender (1979) Genetic 
Engineering: Principles and Methods, Vols. 1-4, Plenum Press, New York; and Ausubel et al. 
(1992) Current Protocols in Molecular Biology , Greene/Wiley, New York, NY. 
Abbreviations and nomenclature, where employed, are deemed standard in the field and 
commonly used in professional journals such as those cited herein. 

The arrays of this invention are useful for defining expression signatures or profiles 
for mitochondrial diseases, as well as distinguishing clinical disorders that result from 
OXPHOS dysfunction, oxidative stress, apoptosis, and aging. The microarrays of this 
invention are useful for providing profiles for whole classes of mitochondrial diseases that 
have common underlying pathophysiological mechanisms. The data obtained from using 
these arrays are useful in the identification of pathways involved in these diseases and in the 
design of efficient therapies for treating these diseases. 

The arrays of this invention are useful for determining mitochondrial biology 
expression profiles and for sample evaluation using those profiles. The arrays of this 
invention are useful for diagnosis, for identifying pathways, genes, and mutations involved in 
physiological conditions, for creating animal models of human physiological conditions, and 
for desi gning curative and preventative therapies and evaluating their effectiveness. 

The arrays of this invention are useful for determining mitochondrial biology 
expression profiles of organisms, such as humans, mice, and closely related species; tissues 
and organs of such organisms; cell types of such organisms; and cell lines derived from such 
organisms. An individual can be tested at any age, including as a fetus, neonate, infant, child, 
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adolescent, mature adult, senior, and deceased. Using standard targets, the arrays of this 
invention are useful for comparing mitochondrial biology profiles of different individuals or 
cells. 

The arrays of this invention are useful for determining the profile associated with a 
physiological condition such as an energy-metabolism-related physiological condition. 
Physiological conditions can be healthy conditions or pathological conditions. Examples of 
healthy conditions in humans are centenaria and physical fitness. An example of a 
pathological condition in humans is Leigh's syndrome (LS). By dete rminin g profiles from 
individuals, with and without such physiological conditions, and comparing them, the 
mitochondrial biology profile representative and descriptive of the physiological condition 
can be determined, such as for humans in Examples 4-5. Profiles can similarly be determined 
for cells lines with phenotypes or genotypes associated with physiological conditions, such as 
in Examples 13-15. Profiles can also be determined for non-human animals, including mouse 
strains, with physiological conditions as in Examples 8-12, 16, and 19. The arrays of this 
invention are useful for deter mining the range of normal variation of expression of genes 
involved in mitochondrial biology, as in Example 20. When the arrays of this invention are 
used to determine a profile associated with a physiological condition, prepared target samples 
or pooled prepared target samples, of individuals with and without the physiological 
condition, but otherwise similar, are hybridized to an array of this invention. The 
hybridization of the prepared samples are measured and compared to, if possible, determine a 
profile associated with the physiological condition. The profile may be optimized by 
statistical analysis, as is known in the art, to only contain profile data on probes necessary for 
diagnosing the physiological condition. 

The profile associated with a physiological condition can then be used for diagnosis 
or evaluation using the arrays of this invention, such as in Example 7. The profile of the 
physiological condition can be analyzed and the analysis used to optimize an array for 
diagnosis of the physiological condition. An optimized array for diagnosis of a physiological 
condition minimal ly contains at least one probe for the one or more genes that have altered 
expression levels in the context of the physiological condition, and probes for enough genes 
to eliminate other likely diagnoses. Diagnosis involves collecting a sample from an 
individual who might have the physiological condition, and determining die profile of the 
prepared sample using an array of this invention, using an array containing probes for all 
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genes involved in mitochondrial biology or fewer probes with at least as many probes as 
necessary for an array optimized for diagnosis of the physiological condition. The profile of 
the individual is then compared to the profile of the physiological condition, and the 
comparison is analyzed to determine the likelihood that the individual has the physiological 
condition. Arrays of this invention can also be used for screening individuals who are not 
suspected of having the particular physiological condition. A sample is collected from such 
an individual, prepared, and the mitochondrial biology profile of the individual is determined 
using an array of this invention, e.g., an array containing probes for all genes involved in 
mitochondrial biology. The profile of this individual is then compared to known 
mitochondrial biology profiles of one or more physiological conditions that the individual 
may have, to determine if the profile of the individual is indicative of a diagnosable 
physiological condition. As demonstrated in Example 16, the arrays of this invention are also 
useful for detecting profiles indicative of physiological conditions before the appearance of 
other symptoms. 

The profile of, or associated with, a physiological condition is also useful for 
identifying biochemical pathways affected by the physiological condition and genes involved 
in causation of the physiological condition. If a profile of a physiological condition 
demonstrates alteration in the expression of a gene, that gene is a candidate for sequencing to 
identify a mutation causing the physiological condition. If a profile demonstrates alteration 
of expression of several genes, then genes known to regulate those are candidates for 
sequencing to identify a mutation causing the physiological condition. Example 3 describes 
using the arrays of this invention for the identification of mutations associated with 
physiological conditions. 

The profile of a physiological condition is useful for creating and/or identifying 
animal models of human physiological conditions. The profile of a physiological condition 
may suggest types of mutations, such as knockouts, to create in order to mimic the 
physiological condition in an animal. The arrays of this invention are also useful for 
screening genetically engineered or other mutated populations to identify an individual 
animal having a similar profile, and thus associated with the physiological condition. 

The same individual can be profiled, using arrays of this invention, repeatedly over 
time or after exposure to various environmental conditions, thereby deteimining the effects of 
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time or exposure. Equivalent individuals can also be profiled, using the arrays of this 
invention, at different ages or after exposure to different environmental conditions, thereby 
determining the effects of time or exposure. For example, a control group of mice of a 
particular genotype and of a particular age can be compared, using the arrays of this 
invention, to a group of experimental mice of the same genotype and age, that has been 
exposed to a certain environmental hazard, to determine the effects of the environmental 
hazard. Cell lines, as well as organisms, can be profiled after exposure to different 
environmental conditions, as in Example 15. Arrays of this invention are also useful for 
determining the effects of aging. Examples 8 and 19 demonstrate differences in profiles at 
different ages. 

Therapy is an environmental condition, the effects of which can be tested using the 
arrays of this invention. Identification of the pathways affected in a physiological condition 
allows identification of therapies useful to treat individuals having the physiological 
condition. For example, if profiles are determined for the effects of classes of therapeutic 
agents, as new physiological conditions are profiled, relevant therapeutic agents can be easily 
identified. The profile of a physiological condition is useful for testing candidate therapies 
for treating individuals with the physiological condition. An individual, with or without the 
physiological condition, an animal model of the physiological condition in humans, or a cell 
line representative of an individual with the physiological condition, can be treated with a 
candidate therapy. A sample for profiling is collected after treatment, prepared, the profile is 
determined using an array of this invention, and compared to the profile of the same 
individual before treatment or to equivalent individuals or cells without treatment to 
determine the effect of the treatment. Therapies reversing the effects of the physiological 
condition can thereby be identified. Preventative therapies and therapies causing desired 
physiological conditions can similarly be identified. 

The arrays of this invention are useful for monitoring the effectiveness of a therapy 
for a particular individual as well as for a population. The profile of a diagnosed individual 
can be determined, the individual given a therapy, and then the profile of the individual 
determined again, using the arrays of this invention. The therapy can be modified and the 
profile retested, until a satisfactory treated profile is obtained. 



25 



NSDOCID: <WO 03020220A2 I > 



WO 63/020220 PCT/US02/27886 

Arrays containing probes hybridizing at moderate to high stringency with human 
genes involved in mitochondrial biology are used for assaying prepared samples from 
humans, human cell lines, and prepared samples from closely related species. Arrays 
containing probes hybridizing at moderate to high stringency with mouse genes involved in 
mitochondrial biology are used for assaying prepared samples from mice, mouse cell lines, 
and prepared samples from closely related species. 

The arrays of this invention are made using probes for genes involved in 
mitochondrial biology. Probes can be selected and generated from the lists of clones and 
sequences in Tables 3-5, or from sequences and clones representing genes involved in 
mitochondrial biology not listed in these tables. Probes can be generated in vitro by nucleic 
acid synthesis, PCR, cloning techniques or other techniques known in the art. Flanking or 
vector sequence may be minimize d in the probe. Probes generated from Research Genetics 
clones (ResGeu/Invitrogen, Carlsbad, C A) can be amplified by PCR as described in Example 
22. Optionally, control probes are also selected for the arrays of this invention. Examples of 
clones and sequences for making control probes are listed in Table 6, SEQ ID NOS:3041- 
3044. If housekeeping genes are chosen as positive controls, usually they are derived from 
the same species as the non-control probes. Housekeeping gene probes are available from 
Stratagene (Spot Report™, La Jolla, CA, USA). 

Examples of housekeeping genes are shown in Table 2. Housekeeping genes 
generally have a consistent amount of expression in all cells. Using the arrays of this 
invention, the expression of the 25 housekeeping genes listed in Table 2 were compared in 4 
cell lines, LMEB4, NZB, 501-1, and the LM(TK) - cell line grown in media supplemented 
with glucose, pyruvate, and uridine (GUP). Some variability was present between cell lines. 
Housekeeping genes were also tested in 6 different mouse tissue samples (brain, heart, liver, 
kidney, spleen and muscle) in two strains of mice, CAP R and NZB. Variation was again 
present, but slight 
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Table 2 



Description 


iriinnf~irhn7il /^liicc 
J? IXIlHiU 11 <tl V^1«S^ 


Actin-gamma 


O Li t£\s lUI CLX g^sJLLw 


A272 Capping protein 


QfnipfnTQ 1 CTf^inp* 

OllUVyllilal gCLlC 


Glyceraldehyde pnospnate denyarogenase 


ivxc ut UvJiloiii-gx y KsKJiy oio 


DNA ligase I 


uin/\ repdir/ syiiLiicoio 


(3 -actin 


ouuciurai 


Alkaline Phosphatase 


unciassmea 


40s Ribosomal protern SI 5 


irroiein syninesis 


Hypozanthine phosphonbosyl transterase (HPKJL) 


Metabolism-nucleotide 


Ribosomal protein LI 5 


Protein synthesis 


Ribosomal Protein S29 


Protein translation 


Acient ubiquinating protein 


Metabolism-protein 


Glyceraldehyde 3-phosphate dehydrogenase 


Metabolism-glycolysis 


Actin-a (skeletal muscle) 


btructural 


Murine ornithine decarboxylase 


MetaboUsm-amino acid 


calcium binding protein Cab45 


Calcium homeostasis 


Ribosomal protein LI A 


PlYYl"fMT1 ^VTltVlftSIS 

JL lUlviU £> jr Ut UlvO JLO j 


RNA splicing protein 


RNA processing 


Actin-gamma (smooth muscle) 


Structural gene 


E2F transcription factor 


Transcriptional regulation 


Ubiquitin 


Unclassified 


Myosin 1 


Structural 


HPRT 


Metabolism-nucleotide 


Phospholipase A2 (14-3-3 zeta/delta) 


Signal transduction 


HPRT 


Metabolism-nucleotide 


Ribosomal protein L3 


Protein synthesis 



Arrays can be printed on solid substrates, e.g., glass microscope slides. Before 
printing, slides are prepared to provide a substrate for binding as in Example 23. Arrays can 
be printed using any printing techniques and machines known in the art Printing involves 
placing the probes on the substrate, attaching the probes to the substrate, and blocking the 
substrate to prevent non-specific hybridization, as described in Example 24. 



Samples useful for analyses using the arrays of this invention include total RNA 
samples and mRNA samples. RNA samples can be prepared as described in Example 25. 
An RNA sample is reverse transcribed into cDNA and simultaneously labeled, i.e. with one 
member of a two-color fluorescent system, such as Cy3-dCTP/Cy5-dCTP as described in 
Example 26. The arrays are hybridized with the prepared sample and washed at appropriate 
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stringencies accounting for the choices of sample and probes of the array. The hybridization 
stringency can be higher when the probe sequence has higher homology with the gene it 
interrogates and when the probe is larger. A reference target, standard target, or other sample 
target for direct comparison may be prepared and hybridized simultaneously to the same 
array. A prepared sample will not degrade during hybridization and is labeled. Prepared 
samples are reverse transcribed and fluorescently labeled. 

Hybridization results can be measured and analyzed using equipment and software 
available in the art as described in Example 27. Before finalizing data, preliminary results 
are preferably normalized by methods known in the art. An example of normalization 
appears in Example 29. Analysis includes determination of statistical significance. 
Measurement may include normalization and analysis, including statistical analysis. 
Resulting data are typically stored in computer files. 

Mitochondrial biology expression microairays are useful for detecting alterations in 
gene expression caused by alterations in mitochondrial biology. Although commercially 
available total genome expression arrays from companies such as Incyte Pharmaceuticals or 
Aflymetrix contain probes for ten to twenty times as many genes as the arrays of this 
invention, the commercially available arrays have limitations. Several genes and probes that 
have been included on the arrays of this invention are not available on the commercial arrays. 
The commercial arrays are also very expensive and the large data sets resulting from them 
can be rather cumbersome to analyze and manipulate. The smaller, more focused arrays of 
this invention allow the expression patterns of hundreds of mitochondrial genes to be 
monitored quickly and efficiently. This study shows that a custom-designed microarray for 
mitochondrial biology expression studies, including probes for nuclear as well as 
mitochondrial genes, is an effective tool for the analysis of gene expression changes caused 
by alterations in functions resulting from a mutation in a gene involved in mitochondrial 
biology or other changes in metabolic state. The cell line experiments in Examples 13-17 and 
20 have been particularly informative in demonstrating the specificity and sensitivity of the 
arrays of this invention while the mouse tissue experiments in Examples 8-12 and 16-17 have 
shown the consistency of the arrays of this invention. 

Clones used to generate probes are listed in Tables 3-5. Clones range from about 1 kb 
to about 4 kb. The inserts of most clones have been sequenced on the 5' and 3 ' ends. 
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Sequences of the 5' and 3' ends of the clones are usually about 200 nt to about 800 nt and are 
provided herein. Probes may be generated via several methods. For example, the clones 
listed in Tables 3-5 may be obtained commercially, the inserts purified and used as probes. 
Alternatively, a 5' or 3 ' sequence given in the sequence listings hereof may be used to design 
an oligonucleotide which may be synthesized and used to probe a library to identify a cDNA 
or genomic clone that is equivalent to the clone used to generate the original sequence. This 
newly identified cDNA or genomic equivalent clone may be used to generate a probe. 
Alternatively, a pair of sequences from the sequence listings, representing the 5' and 3 ' ends 
of one clone, may be used to design PCR primers, which may be used to PCR amplify an 
isolated nucleic acid that is quivalent to the insert of the corresponding clone from which the 
5' and 3' were derived. This isolated nucleic acid may be used as a probe. Probes should not 
contain a vector sequence that hybridizes with any sequence in a sample. Methods for 
designing PCR primers and designing oligonucleotides for screening libraries are known in 
the art. 

EXAMPLES 

Example 1 

Human Mitochondrial Biology Array 

A human mitochondrial biology array is made from clones representing 650 expressed 
sequences involved in mitochondrial biology. The clones used to make probes that are 
placed on the array are shown in Table 3 which references SEQ ID NOS: 1-994 provided 
herein setting forth the 5 1 and 3 f sequences from these clones. The clones identified in Table 
3 are used to make a set of probes called Human Probe Set #1 . Control sequences are also 
placed this array. Controls include, but are not limited to blanks, DMSO, probes derived 
from plant sequences, sequence(s) not involved in mitochondrial biology, and poly adenine 
(40-60 nucleotides long). 



Table 3 



SEQ 
ID 
NO 


ResGen 
Clone ID 


Gene 


Complete Gene Name 


GenBank 


UniGene 
Cluster ED 


1 




mtDNA - 12S ribosome 


Mitochondrial DNA 12S 






2 




mtDNA - 16S ribosome 


Mitochondrial DNA 16s 






3 




mtDNA- ATP6 


Mitochondrial DNA ATP6 






4 




mtDNA -ATP8 


MGtochondrial DNA ATP8 
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5 




Tim 1 jin^v — v/V/A.1 


Mitochondrial DNA COX1 






6 




TYi+niviA _ rnY9 


Mitochondrial DNA COX2 






7 




DITXIIN A - 


Mitochondrial DNA COX3 

IVAALwlrAAUAlUA AAA A-»l 1 i V^V^-f^w 






8 




wi*r\xr A pvt "R 
mtUiNA - I D 


A/fitorhoriHrial DNA r*YTh 

IVAALUl'AAUAlUllAl JJlirV A A V* 






9 




mtiJJN A - IN Lf I 


Mitochondrial DNA ND 1 

AYAilvJv'llUlASAl AAA J—/X. ^1 X*. A^A-'A 






10 




mfnMA »Tsn"Y5 

THUJIN J\ - 


Mitochondrial DNA ND2 

AVAAlVJl'-llVJllVAl AAA AVA^I^V Ii A-'-fc* 






11 






Mitochondrial DNA ND3 






12 




i-nf-TVM A _ TsjnA 


Mitochondrial DNA ND4 

1 YAJL CVJ WAAwAAVU Xul \-J i. 1 -iV. A ' -1— 1 






13 




--frvXT a XTFI4T 
mtlJlNA - JNJLf^JU 


Mitnnhonrlrinl FYM A "MD4T 

iVliLvJUIiUIlUl lctl JL/lN^rt. AN U^l—i 






14 




mtJJlN A - JNJJD 


Mttnr»f>nn/irial TYNI A "MDS 

IVAAvUV^llUiAuilAl JJINri iN-L^-/ 






15 




TJIULIIN/V - 1NUO 


Mitochondrial DNA ND6 

AVAAvv wllwllUl AAA L/liiV llJ>/U 






16 


213890 


DECR1 


2,4-dienoyl CoA reductase 


H72937 


Hs.81548 


17 


213890 


DECR1 


2,4-dienoyl CoA reductase 


H72938 


Hs.81548 


18 


588911 


OAS1 


2 , ,5 , -oligoadenylate synthetase 1 


A A 1 AtVYVl 
AAI40/ /J 


TT- QOOftr 


19 


588911 


OAS1 


2 , ,5 t -oligoadenylate synthetase 1 


AA146772 


Hs.82396 


20 


1576254 


2*,5-oligoadenylate 
synthetase 1 


2 l ,5 , -oligoadenylate synthetase 1 


A AO</1QQO 


tt_ ooao/c 
A-iS.o23yo 


21 


1057786 


• 

OAS2 (splice-variant) 


2 -5 oligoadenylate synthetase 2 


A A^AQOIH 




22 


2190112 


A3 8234 


2-OXOGLUTARATE 

i^T3TJVTYD PifTPTSJ A CT7 T71 r^O^Vy^D^V^^IT^^^ 
LtHril IJKlJOJtiJNAoJi Xil ^L/iVlA^LJlN±iiN 1 


AlOlUoi d 




23 


814444 


CRSP9 


33 kDa transcriptional co-activator 


AA459244 


Hs.7558 


24 


814444 


CRSP9 


33 kDa transcriptional co-activator 


A A A CC\A £C 

AA459465 


Hs.7558 


25 


896949 


HMGCR 


3-hydroxy-3-methylglutaryl-Coenzyme A 
reductase 


AA779417 




26 


290111 


HMGCS1 


3-hydroxy-3-methylglutaryl-Coenzyme A 
synthase 1 (soluble) 


N62195 


Hs.77910 


27 


290111 


HMGCS1 


3-hydroxy-3-methylglutaryl-Coenzyme A 
synthase 1 (soluble) 


N76492 


Hs.77910 


28 


757222 


HMGCS2 


3-hydroxy-3-methylglutaryl-Coenzyme A 
synthase 2 (mitochondrial) 


A AAQA 1 AQ 




29 


757222 


HMGCS2 


3-hydroxy-3-methylglutaryl-Coenzyme A 
synthase 2 (mitochondrial) 


AA496149 




30 


109310 


HAAO 


3-hydroxyanthranilate 3,4-dioxygenase 


TQOQ/f & 

1 oUo^K) 




31 


109310 


HAAO 


3-hydroxyanthranilate 3,4-dioxygenase 


T80921 




32 


1635163 


HAAO 


3-hydroxyanthranilate 3,4-dioxygenase 


AI00503 1 




33 


66564 


BDH 


3-hydroxybutyrate dehydrogenase (heart, 
mitochondrial) 


T67057 


Hs.76893 


34 


66564 


BDH 


3-hydroxybutyrate dehydrogenase (heart, 
mitochondrial) 


T67058 


Hs.76893 


35 


838366 


HMGCL 


3-hydroxymethyi-3-metAiylglutaryl- 
Coenzyme A lyase 
(hydroxymethylglutaricaciduria) 


AA458779 


Hs.831 


36 


838366 


nJYLvjLJL 


3-hydroxymethyl-3-methylglutaryl- 
Coenzyme A lyase 
^nyoruxymciiiyigiuiAAiCaciQ.UAi. a / 


A A A^R 1 79 


ns.oj i 


37 


28469 


OXCT 


3-oxoacid CoA transferase 


R13381 




1Q 
DO 




OXCT 


3-oxoacid CoA transferase 


R40897 




39 


591540 


PHGDH 


3-phosphoglycerate dehydrogenase 


AA158735 




40 


591540 


PHGDH 


3-phosphoglycerate dehydrogenase 


AA159852 




41 


266720 


PDPK1 


3-phosphoinositide dependent protein 
kinase-1 


N22904 
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42 


266720 


PDPK1 


3-phosphoinositide dependent protein 
kinase- 1 


N31292 




43 


666169 


MTR 


5-memyltetrahydrofolate-homocysteine 
methyltransferase 


AA233640 




44 


666169 


MTR 


5-methyltetrahydrofolate-homocysteine 
methyltransferase 


AA233650 




45 


814765 


AKAP1 


A kinase anchor protein, 149kD 


AA454947 


Hs.78921 


46 


814765 


AKAP1 


A kinase anchor protein, 149kD 


AA455326 


Hs.78921 


47 


2364633 


A32422 


A32422 


AI744652 




48 


2308263 


A40487 


A40487 


AI671604 




49 


2240514 


AAP1' 


AAP1» 


AI637909 




50 


2266774 


ABF2 


ABF2 


AI590841 




51 


36393 


ACAT2 


acetyl-Coenzyme A acetyltransferase 2 
(acetoacetyl Coenzyme A thiolase) 


R25823 




52 


36393 


ACAT2 


acetyl-Coenzyme A acetyltransferase 2 
(acetoacetyl Coenzyme A thiolase) 


R46821 




53 


45376 


ACAA2 


acetyl-Coenzyme A acyltransferase 2 
(mitochondrial 3-oxoacyl-Coenzyme A 
thiolase) 


H07926 


Hs.32500 


54 


45376 


ACAA2 


acetyl-Coenzyme A acyltransferase 2 
(mitochondrial 3-oxoacyl-Coenzyme A 
thiolase) 


H08029 


Hs.32500 


55 


262932 


AC02 


Aconitase 2, mitochondrial 


H99699 


Hs.75900 


56 


366511 


No Data 


Actin, alpha 1, skeletal muscle 


AA026609 




57 


366511 


No Data 


Actin, alpha 1, skeletal muscle 


AA026720 




58 


867606 


ACTB 


actin, heta 


AA780815 




59 


428215 


ACTL6 


actin-like 6 


AA001745 


Hs. 103180 


60 


428215 


ACTL6 


actin-like 6 


AA001815 


Hs. 103180 


61 


896962 


ACADS 


acyl-Coenzyme A dehydrogenase, C-2 to 
C-3 short chain 


AA676663 


Hs. 127610 


62 


298155 


ACADM 


Acyl-Coenzyme A dehydrogenase, C-4 to 
C-12 straight chain 


N70794 


Hs.79158 


63 


140131 


ACADL 


acyl-Coenzyme A dehydrogenase, long 
chain 


R66005 


Hs.1209 


64 


140131 


ACADL 


acyl-Coenzyme A dehydrogenase, long 
chain 


R66006 


Hs.1209 


65 


243100 


ACADSB 


acyl-Coenzyme A dehydrogenase, 
short/branched chain 


H95792 


Hs.81934 


66 


243100 


ACADSB 


acyl-Coenzyme A dehydrogenase, 
short/branched chain 


H96140 


Hs.81934 


67 


810358 


ACADVL 


Acyl-Coenzyme A dehydrogenase, very 
long chain 


AA464163 


Hs.82208 


68 


810358 


ACADVL 


Acyl-Coenzyme A dehydrogenase, very 
long chain 


AA464228 


Hs.82208 


69 


OCA CA 

85450 


ACOX2 


acyl-Coenzyme A oxidase 2, branched 
chain 


T71713 


Hs.9795 


70 


85450 


ACOX2 


acyl-Coenzyme A oxidase 2, branched 
chain 


T71782 


Hs.9795 


71 


772304 


ANT2 


Adenine nucleotide translocator 2 
(fibroblast) 


AA404486 


Hs.79172 
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72 


772304 


ANT2 


l -4 • 1 1 • ■% m 1 -1,,, O 

Adenine nucleotide translocator I 
^nDroDiastj 


AA405477 


Hs 79172 


73 


755855 


ANT3 


fi(ienrn« nilClCUliAlO ii<uioHJwai.tJi -> v" YVA ; 


AA496376 


Hs. 164280 


74 


755855 


ANT3 


adenine nucleotide translocator 3 Giver) 


AA496654 


Hs.164280 


75 


853570 


ANT3 


Adenine nucleotide translocator 3 (liver) 


AA663439 


Hs. 164280 


76 


868757 


AK1 


Adenylate Kinase i 


A A 77^9^ 


Hs 76240 


77 


2010933 


KAD2 HUMAN I 


UDENYLATE KINASE ISOENZYME 2 


AI361029 




78 


40026 


ANT1 


ADP,ATP CARRIER PROTEIN, 
HEART/SKELETAL MUSCLE 
ISOFORMT1 


R53337 


Hs.2043 


79 


40026 


ANT1 


ADP,ATP CARRIER PROTEIN, 
HEART/SKELETAL MUSCLE 
ISOFORM Tl 




Wo 904^ 


80 


46248 


ADPRT 


ADP-ribosyltransferase (NAD+; poly 
(ADP-ribose) polymerase) 


H09923 


Hs. 177766 


81 


46248 


ADPRT 


ADP-ribosyltransferase (NAD+; poly 
(ADP-ribose) polymerase) 


H09924 


Hs. 177766 


82 


589276 


AFG3L2 


AFG3 (ATPase family gene 3, yeast)-like 
2 


AA147320 


Hs.29385 


83 


589276 


AFG3L2 


AFG3 (ATPase family gene 3, yeast)-like 
2 


AA147413 


Hs.29385 


84 


1018253 


AIF 


AIF 


AA57U4o3 




85 


855624 


ALDH1 


aldehyde dehydrogenase 1, soluble 


AA664101 


Hs.76392 


86 


47853 


ALDH4 


aldehyde dehydrogenase 4 (glutamate 
gamma-semialdehyde dehydrogenase; 
pyrroline-5-carboxyiate dehydrogenase) 


HI 1346 


Hs.77448 


87 


47853 


ALDH4 


aldehyde dehydrogenase 4 (glutamate 
gamma-semialdehyde dehydrogenase; 
pyrroline-5-carboxylate dehydrogenase) 


H11369 


tt_ T~l A A O 

Hs.77448 


88 


197657 


ALDH5 


ALDEHYDE DEHYDROGENASE, 
MITOCHONDRIAL X PRECURSOR 


R93550 


Hs. 1695 17 


89 


197657 


ALDH5 


ALDEHYDE DEHYDROGENASE, 
MITOCHONDRIAL X PRECURSOR 


R93551 


ris.ioysi / 


90 


1917741 


AOX1 


aldehyde oxidase 1 


AI343711 


TT_ <J 1 f\A^f 

xiS.olU4/ 


91 


S 2154324 


AGPS 


alkylglycerone phosphate synthase 


A TA A 

AI445035 




92 


1520618 


GABT HUMAN 


AMINOBUTYRATE 
AMINOTRANSFERASE 






93 


I 813651 


ALAS1 


aminolevulinate, delta-, synthase 1 


AA447761 


Hs.78712 


94 


813651 


f ALAS1 


aminolevulinate, delta-, synthase 1 


AAA c<5 £. ft-f 

AA453691 


Hs.7o/12 


95 


I 753346 


ALAS2 


aminolevulinate, delta-, synthase 2 
(sideroblastic/hypochromic anemia) 


A A A(\CA OC 

AA406485 


TJ-, <7Q -I r\i 

xis. /yiu3 


96 


753346 


ALAS2 


aminolevulinate, delta-, synthase 2 
(sideroblastic/hypochromic anemia) 


A A/11 


xis. /yiuj 


97 


248631 


AMT 


aminomethyltransferase (glycine cleavag 
system protein T) 


5 


115.1 


9* 


\ 248631 


AMT 


aminomethyltransferase (glycine cleavag 
system protein T) 


e 

IN / OZ / J 


no. ivz> 


9S 


) lDDOoUO 


ANT3 


ANT3 


AA916851 




10( 


) 471597 


API5L1 


API5-like 1 


AA035435 


Hs.227913 


10 


L 471597 


API5L1 


API5-like 1 


AA035436 


Hs.227913 


io: 


I 127032 


API2 


apoptosis inhibitor 2 


R07870 


Hs. 127799 


10 


3 127032 


API2 


apoptosis inhibitor 2 


R07927 


Hs.127799 
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104 2285739 



105 



106 



107 



108 



927606 



1704180 



360778 



360778 



109 



845519 



API3 



ARAL-1 



XNHUDM 



ASPARTATE AMINOTRANSFERASE 



ATM 



ATM 



ATP5C1 



apoptosis inhibitor 3 



ARAL-1 



Ataxia telangiectasia mutated (includes 
complementation groups A, C and D) 



Ataxia telangiectasia mutated (includes 
c omplementation groups A, C and D) 



ATP SYNTHASE GAMMA CHAIN, 
MITOCHONDRIAL PRECURSOR 



AI628066 



AA535370 



AI096615 



AA016254 



AA016988 



AA644234 



Hs.194382 



Hs.194382 



Hs.155433 



110 



813712 



111 



813712 



112 



193106 



113 



193106 



114 



487373 



ATP5F1 



ATP synthase, H+ transporting, 
mitochondrial F0 complex, subunit b, 
isoform 1 



AA453765 



ATP5F1 



ATP synthase, H+ transporting, 
mitochondrial F0 complex, subunit b, 
isoform 1 



AA453849 



Hs.181101 



ATP5G3 



ATP synthase, H+ transporting, 
mitochondrial F0 complex, subunit c 
(subunit 9) isoform 3 



H47080 



ATP5G3 



ATP synthase, H-4- transporting, 
mitochondrial F0 complex, subunit c 
(subunit 9) isoform 3 



H47164 



ATP5G1 



ATP synthase, H+ transporting, 
mitochondrial F0 complex, subunit c 
(subunit 9), isoform 1 



AA046701 



Hs.181101 



Hs.429 



Hs.429 



Hs.80986 



115 



487373 



ATP5G1 



ATP synthase, H+ transporting, 
mitochondrial F0 complex, subunit c 
(subunit 9), isoform 1 



AA046489 



Hs.80986 



116 809876 



ATP5G2 



ATP synthase, H+ transporting, 
mitochondrial F0 complex, subunit c 
(subunit 9), isoform 2 



AA455126 



Hs.89399 



117 



809876 



118 



825312 



119 



825312 



120 392622 



121 



856650 



ATP5G2 



ATP synthase, H+ transporting, 
mitochondrial F0 complex, subunit c 
(subunit 9), isoform 2 



AA464312 



Hs.89399 



ATP5J 



ATP synthase, H+ transporting, 
mitochondrial F0 complex, subunit F6 



AA504540 



ATP5J 



ATP synthase, H+ transporting, 
mitochondrial F0 complex, subunit F6 



ATP5B 



ATP synthase, H+ transporting, 
mitochondrial Fl complex, beta 
polypeptide 



AA504465 



AA708298 



ATP5D 



ATP synthase, H+ transporting, 
mitochondrial Fl complex, delta subunit 



AA669314 



Hs.73851 



Hs.73851 



Hs.25 



Hs.89761 



122 



1472150 



123 



2098508 



ATP50 



ATP synthase, H+ transporting, 
mitochondrial Fl complex, O subunit 

(oligomycin sensitivity conferring 
protein) 



AA873577 



Hs.76572 



ATP2B2 



ATP2B2 



AI421603 
AI184610 



Hs.89512 



124 



1753047 



ATP50 



ATP50 



125 



1173869 



126 



964121 



127 



1736058 



ATP5A1 



ATP5A1 



AA640573 



ATP5C1 



ATP5C1 



AA507388 



ATP5F1 



ATP5F1 



AI126623 
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128 


307873 


ATP2B4 


All aSc, l_/<i ' ' udlKspuriing, pioalxia. 

membrane 4 


N93024 


Hs.995 


129 


307873 


ATP2B4 


Al rSSC, Vvair ITallSpOITLQg, pidbllla 

membrane 4 


W21376 


Hs.995 


130 


1 A C 1 AO 

1435103 


ATP') AH 


ATPn<ie Ca-\-+ transnortinp nbiauitous 

fill UOV) V^*» 1 U UUup wl llllg, UUlVj \AX LUJ 


AA857542 


Hs.5541 


131 






ATPase, Cu++ transporting, beta 
polypeptide (Wilson disease) 


N26536 


Hs.84999 


132 


266312 


ATP7B 


ATPase, Cu++ transporting, beta 
polypeptide (Wilson disease) 


N35647 


Hs.84999 


133 


384078 


ATP6DV 


ATPase, H+ transporting, lysosomal 
(vacuolar proton pump) 31kD 


AA702541 


Hs.106876 


134 


825170 


ATP6A1 


ATPase, H+ transporting, lysosomal 
(vacuolar proton pump), alpha 
polypeptide, 70kD, isoform 1 


AA504160 


Hs.255352 


135 


825170 


ATP6A1 


ATPase, H+ transporting, lysosomal 
(vacuolar proton pump), alpha 
polypeptide, 70kD, isoform 1 


AA504159 


Hs.255352 


136 


1323203 


A 1 JrOUZ 


ATPase, H+ transporting, lysosomal 
[vacuolar proton pump), beta polypeptide, 

JO/JO&L/j loUXUXXXX X 


AA877194 


H«i 1697 


137 


A£.A COO 

461522 


AT50"R7 

/VtJv^o / 


ATP -binding cassette, sub-family B 
fMTTR/TAP^ member 7 

\1Y1A*JS\/ l/U Jy XlXwXAlU'bl / 


AA705237 


Hs 125856 


138 


1709773 


ML-Al 


ATP TjIm PPTsJDPTSJT f*T P PP(TTFA^F 


AT111957 




139 


1467799 


VTA A flltX** 


a+rrmlilTl— 1 itl+#*T*S>f k tiTIO' fiTAtfMTl 1 
ctuUpiliU— J. XlllwXal'UXlg pi UICU1 X 


AARJtt9^6 

.TVfYO OJaJU 


Hs 22599 


140 


852273 


PuLr 1 








141 


r\n zf*70 y< r\ 

2367249 










142 


194384 


BTF3 


Basic transcription factor 3 


R83000 


Hs.101025 


143 


194384 


BTF3 


xjoSIC uanscnpuoii iactor J 


J\OZ7J / 


tlS.lvluZJ 


144 


342181 


1 BCL2 


B-cell CLL/lymphoma 2 


W63749 


Hs.79241 


145 


342181 


BCL2 


is-ceii v^x-j-/iympnoma z 


W01 1UU 


xis. / yz*f 1 


146 


Ol^1 oo 

826182 


dulo 


B-cell CLL/lymphoma 6 (zinc linger 

pi U1CXXX -7 X J 


AAS21434 




147 


814899 




"T"~* ^""^ T" ^ F J ■■■■■■■ r-i T? 1 "f {\ 1 _ I ■ ■ i 1 -i n 11 i-i 1 ■ n ■ ■ 

BCL2/aaenovirus E 1 a 1 9Ja>interacting 
protein 3-like 


AA465697 


Hs.132955 


148 


235938 


BAK1 


BCL2-antagoni st/killer 1 


H52672 




149 


235938 


1 BAK1 


BCL2-antagonist/killer 1 


H52673 




150 


2125819 


f BAX 


BCL2-associated X protein 


AI565203 




151 


1916575 


TlfV 
J31JV 


BCL2-interacting killer (apoptosis- 

rnffllPITmA 

liivmvuifi/ 


AT347538 




152 


150o50l 


ROT 1 


BCL2-like 1 


AA931820 


H-3 180^72 

XAOt X OvJ / 


153 


OOAOI C A 

2297154 




BCS1 


AI670836 




154 


813444 


BZRP 


benzodiazapine receptor (peripheral) 


AA455945 


Hs.202 


155 


813444 


"DVT? "D 


DcnzuuiaXajJlllC iGwCpLVXl \pGiipxiCXaXj 


A A4S < 5S < »4 




156 


» 627125 


BID 


BH3 interacting domain death agonist 


AA190401 




151 


' 627125 


BID 


oru mieraenng aomain ueatn. agorusi 


A A ion^4A 




1 <Q 


ID /jiUO 




branched chain alpha-ketoacid 
dehydrogenase kinase 


AA970731 


Hs.20644 


I5i 


> 756490 


BCAT2 


branched chain aminotransferase 2, 
1 mitochondrial 


AA436410 


Hs.101408 


16( 


) 756490 


BCAT2 


branched chain aminotransferase 2, 
mitochondrial 


AA481353 


Hs. 101408 
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161 


740801 


BCKDHA 


branched chain keto acid dehvdroeenase 
El, alpha polypeptide (maple syrup urine 
disease) 


AA477298 


Hs.78950 


162 


740801 


BCKDHA 


branched chain keto acid dehydrogenase 
El, alpha polypeptide (maple syrup urine 
disease) 


AA477297 


Hs.78950 


163 


770835 


BCKDHB 


Branched chain keto acid dehvdroffenase 
El, beta polypeptide (maple syrup urine 
disease) 


AA427739 


Hs.1265 


164 


770835 


BCKDHB 


Branched chain keto acid dehydrogenase 
El, beta polypeptide (maple syrup urine 
disease) 


AA434304 


Hs.1265 


165 


129431 


EST 


BRCA2(?) 


R11316 


Hs.188591 


166 


129431 


EST 


BRCA2(?) 


R11315 


Hs. 188591 


167 


83605 


CPS1 


carbamoyl-phosphate synthetase 1, 
mito chondrial 


T61078 


Hs 50966 


168 


83605 


CPS1 


Caroaiuoyi'-pnobpoaie syuineiaso i, 
mitochondrial 


T61180 


Hs 50966 


169 


1675950 


CRHU5 


CARBONIC ANHYDRASE V 
PRECURSOR 


AI052226 




170 


744417 


CRAT 


Carnitine acetyltransferase 


AA621218 


Hs. 12068 


171 


133565 


CPT1A 


carnitin^jpalmitoyltransferase I, liver 


R28631 


Hs.29331 


172 


133565 


CPT1A 


carnitine palmitoyltransferase I, liver 


R32561 


Hs.29331 


173 


415978 


CPT1A 


carnitine palmitoyltransferase I, liver 


W85710 


Hs.29331 


174 


415978 


CPT1A 


carnitine palmitoyltransferase 1, liver 


W86378 


Hs.29331 


175 


120106 


CASP1 


caspase 1, apoptosis-related cysteine 
protease (interleukin 1, beta, convertase) 


T95052 




176 


120106 


CASP1 


casna.se 1 anontosis-related cvsteine 
protease (interleukin 1, beta, convertase) 


T95149 




177 


30170 


CASP3 


casnase 3. anootosis-related cvsteine 
protease 


R14760 




178 


30170 


CASP3 


caspase 3, apoptosis-related cysteine 
protease 


R42530 




179 


429574 


CASP3 


caspase 3, apoptosis-related cysteine 
protease 


AA011445 




180 


429574 


CASP3 


caspase 3, apoptosis-related cysteine 
protease 


AA011446 




181 


745143 


CASP6 


caspase 6, apoptosis-related cysteine 
protease 


AA626710 




182 


279691 


CD2AP 


CD2-associated protein 


N48329 


Hs.30490 


183 


279691 


CD2AP 


CD2-associated protein 


N49054 


Hs.30490 


184 


1558965 


CDC2L 


cholinesterase-related cell division 
controller 


AA917769 


Hs.155266 


185 


324885 


CHORF4 


chromosome 1 1 open reading frame 4 


W48701 


Hs.75859 


186 


324885 


CHORF4 


chromosome 1 1 open reading frame 4 


W48700 


Hs.75859 


187 


1573778 


CHORF13 


chromosome 1 1 open reading frame 13 


AA970526 


Hs.72925 


188 


110772 


C140RF2 


chromosome 14 open reading frame 2 


T90621 


Hs.109052 


189 


110772 


C140RF2 


chromosome 14 open reading frame 2 


T83147 


Hs. 109052 


190 


897448 


C20RF1 


chromosome 2 open reading frame 1 


AA489478 


Hs. 14454 


191 


1060841 


CIT1 


CITRATE SYNTHASE, 
MITOCHONDRIAL PRECURSOR 


AA568724 




192 


310519 


F10 


COAGULATION FACTOR X 
PRECURSOR 


N98524 


Hs.47913 
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193 


310519 


171 C\ \ 


POAGT IT ATION FACTOR X ! 
. PRECURSOR 


W31088 


Hs.47913 


194 


436062 


cpo 1 


pnnrnnnrnhvrinoffen oxidase 

fcoDroDorohvria, harderoporphyria) | 


AA700808 


Hs.89866 


195 


161476 


P005 1 


C0Q5 1 


H25602 




196 




COQ5 


C0Q5 


H25556 




197 


2338136 


COX11.1-11.2 


COX11.1-11.2 Zf 


AI703310 




198 


1902314 




COX15.1 j 


AJ301929 




199 


1318021 


r*rw< a 1 


COX5A S 


AA769095 




200 


2326019 1 




COX5B 1 


AI688757 


Hs.1342 


20 1 


2301230 




COX5B ! 


AI699318 




202 


2097122 


pHYfi A 1 ! 


COX6A1 


AI421088 




?m 


986164 i 


COX6A2 


COX6A2 ] 


AA548887 




204 


2277616 | 




COX6B 


AI690478 




205 


971851 ! 


COX7A1 


COX7A1 


AA5 15958 




206 


937944 1 


r*cv\rn a o 1 


COX7A2 


AA563616 




207 


2019469 




creatine kinase, mitochondrial 1 
fubiauitous) 


AI369378 


Hs.153998 


208 


795965 




ureanne Kinase, nuiociiuiiuriai ^ 
( sarcomeric^ 


AA460480 


Hs.80691 


209 


795965 




/""V«»af-iri#» Irinacf* "mifrtr^hfttlllrial 2 i 
VylCaluXC EULLidOw, 11.11 LVJl^llVlivU. J.CU X. 

(sarcomeric) 


AA461048 


Hs.80691 


210 


771327 


MFS 


cysteine desulfurase 


AA476245 


Hs.194692 


21 1 


771327 


NIFS 


cysteine desulfurase 


AA476244 


Hs. 194692 


212 


196189 


CYB5 


Cytochrome b-5 


R92281 


TJ_ QlQlit 


213 


196189 


, CYB5 


Cytochrome b-5 


R91950 


Hs.83834 


214 


840894 


COX6A1 


CYTOCHROME C OXIDASE 
POLYPEPTIDE VIA-LIVER 
| PRECURSOR 


AA482243 


TT_ -\ Q{\T\A 


215 


840894 


LUAOAl 


1 CYTOCHROME C OXIDASE 
r\jL*X rCilr llUJtv V 1/v-i-rl V nix. 
1 PRECURSOR 


AA482340 


Hs.180714 


216 


824068 


fi pAVC A 


1 cytochrome c oxidase subunit Va 


AA490735 




217 


824068 


j LUADA 


J cytochrome c oxidase subunit Va 


AA491224 




218 


298965 


! rnvffl 


| Cytochrome c oxidase subunit VEb 


| N71160 


Hs.174031 


21S 


► 298965 


F COX6B 


| Cytochrome c oxidase subunit VTb 


W05541 


Hs.174031 


22C 


) 1472754 


| LUAOd 


j cytochrome c oxidase subunit VIb 


AA872391 


Hs.174031 


Ml 


838568 


|_ COX6C 


| cytochrome c oxidase subunit Vic 


AA456931 


Hs.74649 




> 838568 


1 COX6C 


r»iyirir»Vtromf» f OVlHn«5P Suhunit VTc 

| CytUwlll UliiC \j UAlUaov OUUU1UI V -!■*-< 


AA457006 


Hs.74649 


22: 


J 1475803 


1 rnY7 A 1 
j f-/^JA. / Al 


! ifnAlirrtinp c nvi^QCP cnhiimt \/ 1 1 Q 
| CyiOCIirOIllC v VJAlUaoG oUUtU.il I V J- AO. 

j polypeptide 1 (muscle) 


AA872125 


Hs.l 14346 


22< 


\ 1601947 


! COX7A2 


1 r^/hrmT-i-mmp f fvvidase subunit Vila 

1 polypeptide 2 (liver) 


AI002403 


Hs.182684 


22 


5 884511 


\ \AJJ\. to 


I cytochrome c oxidase subunit Vllb 


AA629999 


Hs.75752 


22 


6 884480 


I COX7C 


j cytochrome c oxidase subunit VUc 


AA629719 


| Hs.3462 


22 


7 1469230 


I COao 


i r»-\/fr»r*Vkrnrr>ft c. fYXlHase SUbUTllt VIII 


AA862813 


Hs.81097 




J 160126 


I COX10 


i i_,ytocnrome c oxiuasc auomm ./v ^iiciuc 
| A: farnesyltransferase 


H21868 


Hs.77513 


22 


9 160126 


I COX10 


1 Cytochrome c oxidase subunit X (heme 
! A: farnesyltransferase 


H21869 


Hs.77513 


23 


0 1455394 


I CYC1 


| cytochrome c-1 


AA865265 


Hs.697 


73 


1 1 194949 


_L CYP3A7 


1 Cytochrome P450 IIIA7 (P450-HFLa) 


1 R91078 


Hs. 172323 
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232 


194949 


CYP3A7 


Cytochrome P450 IHA7 (P450-HFLa) 


R91077 


Hs.172323 


233 


1724630 


S14367 


CYTOCHROME P450 XIA1 


All 83397 




234 


85561 


CYP2A7 


cytochrome P450, subfamily IIA 
(phenobarbital-inducible), polypeptide 7 


T73031 


Hs.252937 


235 


85561 


CYP2A7 


cytochrome P450, subfamily HA 
(phenobarbital-inducible), polypeptide 7 


T72259 


Hs.252937 


236 


246619 


CYP2C8 


Cytochrome P450, subfamily IIC 
(mephenytoin 4-hydroxylase) 


N53136 




237 


246619 


CYP2C8 


Cytochrome P450, subfamily IIC 
(mephenytoin 4-hydroxylase) 


N58566 




238 


195712 


CYP2C9 


Cytochrome P450, subfamily IIC 
(mephenytoin 4-hydroxylase), 
polypeptide 9 


R89492 


Hs. 167529 


239 


195712 




Cytochrome P450, subfamily UC 
(mephenytoin 4-hydroxylase), 
polypeptide 9 


R89491 


Hs.167529 


240 


1467195 


CYP11B1 


cytochrome P450, subfamily XIB (steroid 
11-beta-hydroxylase), polypeptide 1 


AA884709 


Hs.2610 


241 


149737 


EST 


Cytochrome P450, subfamily XEX 
(aromatization of androgens) 


H00592 


Hs. 141 142 


242 


149737 


EST 


Cytochrome P450, subfamily XIX 
(aromatization of androgens) 


R82738 


Hs.141142 


243 


284620 


EST 


Cytochrome P450, subfamily XXI 
(steroid 2 1-hydroxylase, congenital 
adrenal hyperplasia) 


N64794 


Hs.124918 


244 


284620 


EST 


Cytochrome P450, subfamily XXI 
(steroid 21-hydroxylase, congenital 
adrenal hyperplasia) 


N77388 


Hs.124918 


245 


266146 


CYP24 


cytochrome P450, subfamily XXTV 
(vitamin D 24-hydroxylase) 


N21576 


Hs.89663 


246 


266146 


CYP24 


cvtochrome P4S0 snhfamilv TCXTV 
(vitamin D 24-hydroxylase) 


N30976 


Hs.89663 


247 


295843 


CYP27A1 


cytochrome P450, subfamily XXVIIA 
(steroid 27-hydroxylase, 
cerebrotendinous xanthomatosis), 
polypeptide 1 


N66957 


Hs.82568 


248 


2043415 


DAPK1 


death-associated protein kinase 1 


AI371096 


Hs. 153924 


249 


2364396 


DEHUH2 


DEHUH2 


AI740677 




250 


125722 


DGUOK 


deoxyguanosine kinase 


R07560 


Hs.77494 


251 


125722 


DGUOK 


deoxyguanosine kinase 


R07506 


Hs.77494 


252 


2096376 


S25665 


DIHYDROLiPOAMEDE 
ACETYLTRANSFERASE 
COMPONENT 


AI419467 




253 


813648 


DLD 


dihydrolipoamide dehydrogenase (E3 
component of pyruvate dehydrogenase 

complex, 2-oxo-glutarate complex, 
branched chain keto acid dehydrogenase 
complex) 


AA453679 


Hs.74635 


254 


813648 


DLD 


dihydrolipoamide dehydrogenase (E3 
component of pyruvate dehydrogenase 

complex, 2-oxo-glutarate complex, 
branched chain keto acid dehydrogenase 
complex) 


AA447748 


Hs.74635 
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255 


271006 


DLAT 


dihydrolipoamide S-acetyltransferase (E2 
component of pyruvate dehydrogenase 
complex) 


N29901 


Hs. 115285 


256 


271006 


DLAT 


dihydrolipoamide S-acetyltransferase (E2 
component of pyruvate dehydrogenase 
complex) 


N42953 


Hs.l 15285 


257 


815564 


DLST 


Dihydrolipoamide S-succinyltransferase 
(E2 component of 2-oxo-glutarate 
complex) 


AA456824 


Hs.196416 






DLST 


Dihydrolipoamide S-succinyltransferase 
(E2 component of 2-oxo-glutarate 
complex) 


AA456899 


Hs.196416 






DIHYDROLIPOAIV1IDE 
SUCCINYLTRANSFERAS 
E 


DIHYDROLIPOAMIDE 
SUCCINYLTRANSFERASE 


AA748401 




960 


1308945 


DIHYDROLJrOAMlDJti 
SUCCINYLTRANSFERAS 
E 


DIHYDROLIPOAMIDE 
SUCCINYLTRAN SFERASE 


AA746285 






tl / JOJ 


Dihydroorotate 
dehvdroffenase 


Dihydroorotate dehydrogenase 


W88472 


Hs 125846 


Off) 


41738^ 


Dihydroorotate 
dehydrogenase 


Dihydroorotate dehydrogenase 


W89035 


Hs 125846 


263 


611027 


GinyaroorQicue 

dehydrogenase 


dihydroorotate dehydrogenase 


AA173122 


Hs.94925 


264 


611027 


LLllLjr UtulC 

dehydrogenase 


dihydroorotate dehydrogenase 


AA173225 


Hs.94925 


265 


884539 


DKFZP566D143 


DKFZP566D143 protein 


AA629804 




266 


630013 


MSH2 


DNA repair protein MSH2 


AA2 19060 


Hs.78934 


267 


630013 


MSH2 


DNA repair protein MSH2 


AA219061 


Hs.78934 


268 


666425 


PLCG1 


DNA topoisomerase I 


AA232856 


Hs.317 


269 


666425 


PLCG1 


DNA topoisomerase I 


AA233029 


Hs.317 


270 


810787 


HSPF1 


DNAJ PROTEIN HOMOLOG 1 


AA481758 


Hs.82646 


271 


810787 


HSPF1 


DNAJ PROTEIN HOMOLOG 1 


AA481022 


Hs,82646 


272 


1914863 


DYSF 


dysferlin, limb girdle muscular dystrophy 
2B (autosomal recessive) 


AI3 10142 


Hs.143897 


273 


773399 


DMD 


dystrophin (muscular dystrophy, 
Duchenne and Becker types), includes 
DX3142, DXS164, DXS206, DXS230, 
DXS239, DXS268, DXS269, DXS270, 
DXS272 


AA425649 


Hs.169470 


274 


773399 


DMD 


dystrophin (muscular dystrophy, 
Duchenne and Becker types), includes 
DXS142, DXS164, DXS206, DXS230, 
DXS239, DXS268, DXS269, DXS270, 
DXS272 


AA427831 


Hs.169470 


275 


796197 


DMD 


Dystrophin (muscular dystrophy, 
Duchenne and Becker types), includes 
DXS142, DXS164, DXS206, DXS230, 
DXS239, DXS268, DXS269, DXS270, 
DXS272 


AA461118 


Hs.169470 
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276 


796197 


DMD 


Dystrophin (muscular dystrophy, 
Duchenne and Becker types), includes 
DXS142, DXS164, DXS206, DXS230, 
DXS239, DXS268, DXS269, DXS270, 
DXS272 


AA461435 


Hs. 169470 


277 


781017 


EGR2 


early growth response 2 (Krox-20 
(Drosophila) homolog) 


AA446027 


Hs.1395 


278 


781017 


EGR2 


early growth response 2 (Krox-20 
(Drosophila) homolog) 


AA446300 


Hs.1395 


279 


180512 


ENC1 


ectodermal-neural cortex (with BTB-like 
domain) 


R85090 


Hs.104925 


280 


1744035 


A31998 


ELECTRON TRANSFER 
FLAVOPROTEIN ALPHA-SUB UNIT 


AI192719 




281 


2274670 


S32482 


ELECTRON TRANSFER 
FLAVOPROTEIN BETA-SUBUNIT 


AI683530 




282 


2267229 


S62767 


ELONGATION FACTOR TU 


AI609398 




283 


745542 I 


ECHS1 


enoyl Coenzyme A hydratase, short 
chain, 1, mitochondrial 


AA626255 


Hs.76394 


284 


344272 


EMP3 


epithelial membrane protein 3 


W73810 


Hs.9999 


285 


344272 


EMP3 


epithelial membrane protein 3 


W73748 


Hs.9999 


286 


253725 


EST 


EST 


N21972 


Hs.43052 


287 


287569 | 


EST 


EST 


N62122 


Hs.83313 


288 


287569 


EST 


EST 


N78351 


Hs.83313 


W9 


489755 ! 


EST 


EST 


AA099554 


Hs.246174 


1290 


) 489755 


EST 


EST 


_ AA101931 


Hs.246174 


pi 


609989 


No Data 


EST 


AA169176 




292 


609989 


No Data 


EST 


AA169296 




293 


511012 


AGPS 


EST - putative alkylglycerone phosphate 
synthase 


AA099787 




294 


511012 


AGPS 


EST - putative alkylglycerone phosphate 
synthase 


AA102257 




295 


449504 


EST 


EST, Weakly similar to predicted using 
Genefinder [C.elegans] 


AA777928 


Hs.121993 


296 


47005 


[ EST 


ESTs 


H09825 


Hs.6818 


297 


47005 


] EST 


ESTs 


H09920 


Hs.6818 


298 


79655 


1 EST 


ESTs 


T62655 


Hs. 11039 


299 


79655 


| EST 


r ESTs 


T62509 


Hs. 11039 


300 


126229 


1 EST 


ESTs 


R06313 


Hs.77677 


301 


126229 


[ EST 


ESTs 


R06258 


Hs.77677 


302 


129606 


[ EST 


ESTs 


R16545 


Hs.70333 


303 


129606 


1 EST 


ESTs 


R16603 


Hs.70333 


304 


165837 


EST 


ESTs 


R86713 


Hs.87595 


305 


165837 


! EST 


ESTs 


! R86712 


Hs.87595 


306 


248669 


EST 


ESTs 


N59553 


Hs.8941 


307 


248669 


| EST 


ESTs 


N78295 


Hs.8941 


308 


254004 


! EST 


ESTs 


N22302 


Hs.177861 


309 


254004 


EST 


ESTs 


N75187 


Hs.177861 


310 


259462 


| LOC54675 


ESTs 


N29545 


Hs.3569 


311 


290505 


! EST 


ESTs 


N67991 


Hs.30487 


312 


290505 


EST 


ESTs 


N80413 


Hs.30487 


31 


3 341901 


EST 


ESTs 


W61374 


Hs.11317 


314 


[ 429942 


| EST 


ESTs 


AA034062 


Hs.38750 


315 


1 784214 


| EST 


ESTs 


AA446865 


Hs.14018 
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316 


784214 


EST 


ESTs 


AA446980 


Hs.14018 


317 


898222 


EST 


ESTs 


AA598602 


Hs. 13434 


318 


1636741 


ESTs 


ESTs 


AI017846 


Hs. 169539 


319 


113206 


EST 


ESTs, Highly similar to ARGINYL- 

TRNA SYNTHETASE, 
MITOCHONDRIAL PRECURSOR 
[Saccharomyces cerevisiae] 


T83996 


Hs.15395 


320 


113206 


EST 


ESTs, Highly similar to ARGINYL- 

TRNA SYNTHETASE, 
MITOCHONDRIAL PRECURSOR 
[Saccharomyces cerevisiae] 


T83997 


Hs. 15395 


321 


825386 


ATP5JD 


ESTs, Highly similar to ATP 
SYNTHASE D CHAIN, 
MITOCHONDRIAL [Bos taurusl 


AA504246 


Hs.64593 


322 


782439 


ATP5I 


ESTs, Highly similar to ATP 
SYNTHASE E CHAIN, 
MITOCHONDRIAL [Cricetulus 
longicaudatus] 


AA431433 


Hs.85539 


323 


782439 


ATP5I 


ESTs, Highly similar to ATP 
SYNTHASE E CHAIN, 
MITOCHONDRIAL [Cricetulus 
longicaudatus] 


AA431836 


Hs.85539 


324 


434968 


ATP5E 


ESTs, Highly similar to ATP 
SYNTHASE EPSILON CHAIN, 
MITOCHONDRIAL PRECURSOR [Bos 
taurus] 


AA700688 


Hs.177530 


325 


82874 


EST 


ESTs, Highly similar to ATP ASE 
INHIBITOR, MITOCHONDRIAL 
PRECURSOR [Rattus norvegicus] 


T69273 


Hs.241336 


326 


82874 


EST 


ESTs, Highly similar to ATP ASE 
INHIBITOR, MITOCHONDRIAL 
PRECURSOR [Rattus norvegicus] 


T69348 


Hs.241336 


327 


290753 


CS 


ESTs, Highly similar to CITRATE 
SYNTHASE, MITOCHONDRIAL 
PRECURSOR [Sus scrofa] 


N67639 


Hs.239760 


328 


290753 


CS 


ESTs, Highly similar to CITRATE 
SYNTHASE, MITOCHONDRIAL 
PRECURSOR [Sus scrofa] 


W01297 


Hs.239760 


329 


731308 


CS 


ESTs, Highly similar to CITRATE 
SYNTHASE, MITOCHONDRIAL 
PRECURSOR [Sus scrofa] 


AA416759 


Hs.239760 


330 


731308 


CS 


ESTs, Highly similar to CITRATE 
SYNTHASE, MITOCHONDRIAL 
PRECURSOR [Sus scrofa] 


AA416746 


Hs.239760 


331 


283943 


EST 


ESTs, Highly similar to ELONGATION 
FACTOR G, MITOCHONDRIAL 
PRECURSOR [Rattus norvegicus] 


N50802 


Hs.41066 


332 


283943 


EST 


ESTs, Highly similar to ELONGATION 
FACTOR G, MITOCHONDRIAL 
PRECURSOR [Rattus norvegicus] 


N55159 


Hs.41066 


333 


359723 


EST 


ESTs, Highly similar to ELONGATION 
rAt 1 UK O, Mil OCHONDRIAL 
PRECURSOR [Rattus norvegicus] 


AA011122 


Hs.41066 


334 


359723 


EST 


ESTs, Highly similar to ELONGATION 
FACTOR G, MITOCHONDRIAL 
PRECURSOR [Rattus norvegicus] 


AA010761 


Hs.41066 
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335 


430733 


T 

EST 


ESTs, Highly similar to 
HYPOTHETICAL 16.5 KD PROTEIN 
[ST PAS8-EGT2 INTERGENIC REGION 
[Saccharomyces cerevisiae] 


A a fLT7Q6(\ 1 
AAO / / VOU I 




336 


1114960 


ETFDH 


ESTs, Highly similar to 
HYPOTHETICAL 29.2 KD PROTEIN 

IN PHD1-PTM1 INTERGENIC 
REGION TSaccharomyces cerevisiae] 


AAoOzUIj 


rlS.^t/OOl 


337 


1030791 


EST I 


ESTs, Highly similar to 
HYPOTHETICAL 44.9 KD PROTEIN 

IN ERG7-NMD2 INTERGENIC 
REGION [Saccharomyces cerevisiae] 


AA609009 


Hs.63304 


338 


950700 j 


PP 


ESTs, Highly similar to INORGANIC 1 
PYROPHOSPHATASE [Bos taurus] | 


AA608572 


Hs.184011 


339 


322218 


EST 1 


ESTs, Highly similar to ISOLEUCYL- 

TRNA SYNTHETASE, 
MITOCHONDRIAL [Saccharomyces 

cerevisiae] 1 


W37993 


Hs.55609 


340 


322218 


EST j 


ESTs, Highly similar to ISOLEUCYL- 

TRNA SYNTHETASE, | 
MITOCHONDRIAL [Saccharomyces 
cerevisiae] 1 


W37992 


Hs.55609 


341 


417801 


LOC51264 


ESTs, Highly similar to 
MITOCHONDRIAL 60S RTBOSOMAL 
PROTEIN L2 PRECURSOR 
[Saccharomyces cerevisiae] 


W88752 


Hs.7736 


342 


417801 


LOC51264 


ESTs, Highly similar to 
MITOCHONDRIAL 60S RIBOSOMAL 
PROTEIN L2 PRECURSOR 
[Saccharomyces cerevisiae] 


W88848 


Hs.7736 


343 


753602 


j EST 


k ESTs, Highly similar to 
MITOCHONDRIAL CARRIER 
PROTEIN RIM2 [Saccharomyces 
cerevisiae] 


AA479944 


Hs.42484 


344 




1 EST 


j ESTs, Highly similar to 

MITOCHONDRIAL CARRIER 
PROTEIN RIM2 [Saccharomyces 
I cerevisiae] 


AA478847 


Hs.42484 


345 


6299 lo 


1 TTM1 7R 


j ESTs, Highly similar to 
MITOCHONDRIAL IMPORT INNER 
MEMBRANE TRANSLOCASE 
SUBUNIT TIM1 7 [Saccharomyces 
cerevisiae] 


AA219179 


Hs.19105 


34( 


> 629916 


1 TIM17B 


j ESTs, Highly similar to 
MITOCHONDRIAL IMPORT INNER 
MEMBRANE TRANSLOCASE 
SUBUNIT TIM17 [Saccharomyces 
! cerevisiae] 


AA219178 


Hs.19105 


3£ 


7 191826 


EST 


ESTs, Highly similar to 
MITOCHONDRIAL RNA SPLICING 
PROTEIN MRS3 [Saccharomyces 
| cerevisiae] 


j H40449 


1 tt_ ijtjim 

Hs.34401 


34 


8 191826 


EST 


ESTs, Highly similar to 
MITOCHONDRIAL RNA SPLICING 
PROTEIN MRS3 [Saccharomyces 
j cerevisiae] 


I H40448 


1 Hs.34401 
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349 


70201 


EST 


ESTs, Highly similar to 
MITOCHONDRIAL RNA SPLICING 
PROTEIN MSR4 [Saccharomyces 
cerevisiae] 


T50082 


TT — <1 J >IA1 

Hs.34401 


350 


70201 


EST 


ESTs, Highly similar to 
MITOCHONDRIAL RNA SPLICING 
PROTEIN MSR4 [Saccharomyces 
cerevisiae] 


T50019 


TT,— o A A (\ 1 

Hs.34401 


351 


488386 


EST 


ESTs, Highly similar to 
MITOCHONDRIAL RNA SPLICING 
PROTEIN MSR4 [Saccharomyces 
cerevisiae] 


AA046639 


Hs.34401 


352 


488386 


EST 


ESTs, Higjaly similar to 
MITOCHONDRIAL RNA SPLICING 
PROTEIN MSR4 [Saccharomyces 
cerevisiae] 


AA046778 


Hs.34401 


353 


611467 


NDUFS6 


ESTs, Highly similar to 
MITOCHONDRIAL TRIFUNCTONAL 
ENZYME ALPHA SUBUNIT 
PRECURSOR [Homo sapiens] 


AAl 76453 


Hs.49767 


354 


611467 




ESTs, Highly similar to 

ENZYME ALPHA SUBUNIT 
PRECURSOR [Homo sapiens] 


AA176931 


Hs.49767 


355 


179336 


OTVT-T A 


ESTs, Highly similar to SUCCINATE 
DEHYDROGENASE [Homo sapiens] 


H50345 


Hs.469 


356 


179336 


pnTT A 


ESTs, Highly similar to SUCCINATE 


H50378 


Hs.469 


357 


843335 


SUCIajI 


ESTs, Highly similar to SUCCINYL- 


AA485965 

4AiVTwW -K^ \JmS 


Hs.7043 


358 


843335 


SUCLCrl 


ESTs, Highly similar to SUCCINYL- 


AA489575 


Hs.7043 


359 


825229 


LOC51017 


ESTs, Highly similar to CGI-1 13 protein 

[11 >0€lp * WJ3 J 


AA504139 


Hs. 19077 


360 


825229 


LOC51017 


ESTs, Highly similar to CGI-1 13 protein 
ITT saniensl 


AA504401 


Hs. 19077 


361 


814271 


ust 


ESTs, Higjhly similar to CGI-1 16 protein 
[H.sapiens] 


AA459002 


Hs.18885 


362 


814271 


r? c f 

JtSSt- 


ESTs, Highly similar to CGI-1 16 protein 
FH saniensl 


AA459222 


Hs. 18885 


363 


811062 


LOC51629 


ESTs, Highly similar to CGI-69 protein 
TTT ^aniens! 


AA485441 


Hs.237924 


364 


811062 


LOC51629 


ESTs, Highly similar to CGI-69 protein 


AA485607 


Hs.237924 


365 


417803 




ESTs, Highly similar to hypothetical 
protein [H.sapiens] 


W88753 


Hs.166406 


366 


417803 


EST 


ESTs, Highly similar to hypothetical 
protein [H.sapiens] 


W88859 


Hs.166406 


36*5 


f 878316 


ESTs 


ESTs, Highly similar to small zinc finger 

1tV<» nrnfpi'n ITT ^aniens! 


AA670296 


Hs. 109571 


|36J 


5 504689 


EST 


ESTs, Moderately sunilar to 3- 
OXOACYL-[ACYL-CARRIER- 
PROTEIN] SYNTHASE II [Escherichia 
coli] 


AA149172 


Hs.55781 
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369 


504689 


EST 


ESTs, Moderately similar to 3- 
OXOACYL-[ACYL-CARRIER- 
PROTEIN] SYNTHASE n [Escherichia 
coli] 


AA149171 


Hs.55781 


370 


238907 


D6S52E 


ESTs, Moderately similar to ABC1 
PROTEIN PRECURSOR 
^Saccharomyces cerevisiae] 


H67876 


Hs.243960 


371 


238907 


D6S52E 


ESTs, Moderately similar to ABC1 
PROTEIN PRECURSOR 
[Saccharomyces cerevisiae] 


H67202 


Hs.243960 


372 


435314 


i 

EST 


Hois, iviOQeraieiy oinxucu iu j- 
AMINOLEVULINIC ACID SYNTHASE 
MITOCHONDRIAL PRECURSOR, 
ERYTHROID-SPECIHC [H.sapiens] 


AA699919 


Hs.l 14018 


373 


839027 


EST 


ESTs, Moderately similar to CGI-24 
protein [H.sapiens] 


AA487499 




374 


839027 1 


EST 


ESTs, Moderately similar to CGI-24 
protein [TLsapiens] 


AA487715 




375 


321354 | 


EST 


ESTs, Moderately similar to MSG1- 
related protein [Rsapiens] 


W32403 


Hs.18349 


376 


321354 \ 


EST 


ESTs, Moderately similar to MSG1- 
related protein [H.sapiens] 


W32980 


Hs.18349 


377 


824911 


EST 


ESTs, Weakly similar to /prediction 


AA489022 


Hs.5080 


378 


824911 


EST 


ESTs, Weakly similar to /prediction 


AA489118 


Hs.5080 


379 


85384 


EST 


[D.melanogaster] 


T71965 


Hs.10964 


380 


85384 


EST 


JCO 1 S, W CaJviy olUll ItXl K\J oUUU^AJ 

[D.melanogaster] 


T72105 


Hs. 10964 


381 


757265 


EST 


ESTs, Weakly similar to aralarl 
[H.sapiens] 


AA426113 


Hs.183047 


382 


490753 


FLJ20420 


ESTs, Weakly similar to head-elevated 
expression in 0.9 kb [D.melanogaster] 


AA133166 


Hs.6693 


383 


343555 


EST 


ESTs, Weakly similar to mitochondrial 
inner membrane protease 1 [S.cerevisiae" 


W69379 


Hs.62669 


384 


343555 


j EST 


ESTs, Weakly similar to mitochondrial 
inner membrane protease 1 [S.cerevisiae 


W69378 


Hs.62669 


385 


198312 


| KIAA0719 


ESTs, Weakly similar to 
MITOCHONDRIAL PRECURSOR 
PROTEINS IMPORT RECEPTOR 
[Neurospora crassa] 


R94191 


Hs.21198 


386 


198312 


1 KIAA0719 


ESTs, Weakly similar to 
MITOCHONDRIAL PRECURSOR 
PROTEINS IMPORT RECEPTOR 
[Neurospora crassa] 


R94290 


Hs.21198 


387 


' 511257 


t KIAA0719 


ESTs, Weakly similar to 
MITOCHONDRIAL PRECURSOR 
PROTEINS IMPORT RECEPTOR 
[Neurospora crassa] 


AA088722 


Hs.21198 


38* 


I 511257 


j KIAA0719 


ESTs, Weakly similar to 
MITOCHONDRIAL PRECURSOR 
PROTEINS IMPORT RECEPTOR 
[Neurospora crassa] 


AA088799 


Hs.21198 
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389 


324651 


EST I 


ESTs, Weakly similar to j 
MITOCHONDRIAL RESPIRATORY 
FUNCTION PROTEIN 1 
rSaccharomyces cerevisiae] | 


W47099 


Hs.19513 


390 


324651 


■COT 1 1 

Eol I 


ESTs, Weakly similar to 1 

■m. rrrn/\/-iTTrVK1T\n TAT T3T30T3TT> ATHDV 1 

MITOCHONDRIAL KJbbx'JLKA 1 UK i 
FUNCTION PROTEIN 1 
rSacdiaromvces cerevisiael 


W47223 


Hs.19513 


391 


429222 


EST 


ESTs, Weakly similar to MSF1 1 
PROTEIN [S.cerevisiae] 


AA004210 


Hs.3945 . 


392 


429222 


EST 


Ho l s, w eamy siimiar 10 vri&r x 
PROTEIN [S.cerevisiae] j 


AA007411 


Hs.3945 


393 


754537 


EST 


ESTs, Weakly similar to myosin beta j 
leavy cnain, caroiac anu sKcieiai uiuo^ic 
[H.sapiens] \ 


AA406291 




394 


754537 


EST ! 


ESTs, 1 Weakly similar to myosin beta j 
heavy chain, cardiac ana SKeieiai muscic 
[H.sapiens] | 


AA421979 




395 


897557 


EST 


ESTs, Weakly similar to myosin beta 
heavy chain, caroiac ana SKeieiai muscic 
[H.sapiens] 1 


AA497024 


Hs.179817 


396 


897557 


EST ! 


ESTs, Weakly similar to myosin beta 
heavy chain, cardiac and skeletal muscle 
[H.sapiens] 


AA489606 


Hs. 1798 17 


397 


812169 


1 EST 


ESTs, Weakly similar to PROBABLE 
MITOCHONDRIAL, 4Uo Klr> Uo U JVJLftJ-. 
PROTEIN S5 [S.cerevisiae] 


AA456042 


Hs.7807 


398 


208531 


EST 


ESTs, Weakly similar to PUTATIVE 

m /TTTA/itirkXTHD TAT f~* ADD 11313 

YBR291C [Saccharomyces cerevisiae] 


H61979 


Hs.7994 


399 


208531 


EST 


ESTs, Weakly similar to PUTATIVE 
MITOCHONDRIAL CARRIER 


H61978 


Hs.7994 


400 


435509 


tRNAleu 


j ESTs, Weakly similar to similar to 
1 1 t*\tn\A -fR "N" A cvnthetase f C eleeansl 


AA701379 




401 


43662 


EST 


I ESTs, Weakly similar to similar to 
'mitochondrial carrier protein [C.elegans] 


! H05645 


Hs.21262 


402 


43662 


EST 


ES I s, WeaKly similar to sumiar xo 
mitochrondrial carrier protein [C.elegans] 


H05644 


Hs.21262 


403 


53385 


EST 


ESTs, Weakly similar to Similar to 
NAD(P) transhydrogenase, mitochondria 
| [C.elegans] 


R16231 


Hs. 106620 


404 


53385 


EST 


ESTs, Weakly similar to Similar to 
NAD(P) transhydrogenase, mitochondria 


i 

R16232 


Hs.106620 


40f 


> 84880 


EST 


ESTs, Weakly similar to VISC PROTEO 
1 [Escherichia coli] 


! T74882 


Hs.12239 


40( 


> 84880 


EST 


pSTs, Weakly similar to VISC PROTED 
j [Escherichia coli] 


i T74939 


Hs.12239 


40' 
40} 
40< 
41< 


7 845419 
I 624634 
? 624634 
3 365149 


FANCA 
FDXl 
FDXl 
FECH 


Fanconi anemia, complementation grou{ 
I A 
1 ferredoxin 1 
| ferredoxin 1 
| ferrochelatase (protoporphyria) 


) 

AA644129 
AA187349 
AAl 88427 
AA025142 


Hs.86297 
Hs.744 
Hs.744 
Hs.26 
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411 


365149 


FECH 


ferrochelatase (protoporphyria) 


AA025157 


Hs.26 


412 


1469138 


FGA 


Fibrinogen, A alpha polypeptide 


AA865707 


Hs.90765 


413 


131839 


FOLR1 


folate receptor 1 (adult) 


R24635 


Hs.73769 


414 


131839 


FOLR1 


folate receptor 1 (adult) 


R24530 


Hs.73769 


415 


146605 


FPRL1 


formyl peptide receptor-like 1 


R80041 


Hs.99855 


416 


146605 


FPRL1 


formyl peptide receptor-like 1 


R79948 


Hs.99855 


417 


490600 


FOSL2 


FOS-like antigen 2 


AA101617 


Hs.155210 


418 


490600 


FOSL2 


FOS-like antigen 2 


AA101616 


Hs.155210 


419 


279790 


FMR1 


Fragile X mental retardation 1 


N48355 


Hs.89764 


420 


279790 


FMR1 


Fragile X mental retardation 1 


N49132 


Hs.89764 


421 


669419 


FRDA 


Friedreich ataxia 


AA253413 


Hs.95998 


422 


669419 


FRDA 


Friedreich ataxia 


AA253388 


Hs.95998 


473 


469412 


FH 


Fumarate hydratase 


AA026917 


Hs.75653 


424 


469412 


FH 


Fumarate hydratase 


AA026918 


Hs.75653 


425 


842839 


FUS 


■fiision derived from tf 12: 1 6t) malignant 
liposarcoma 


AA486284 








FUS 


fusion, derived from t(12; 16) malignant 
liposarcoma 


AA489305 




427 


81289 


ACTG2 


Gamma-actin, enteric smooth muscle 
form 


T60048 


Hs.77443 


428 


288663 


GJB1 


gap junction protein, beta 1, 32kD 
(connexin 32, Charcot- Marie-Tooth 
neuropathy, X-linked) 


N62394 




429 


288663 


GJB1 


gap junction protein, beta 1, 32kD 
(connexin 32, Charcot-Marie-Tooth 
neuropathy, X-linked) 


N79360 




430 


2338827 


GCDH HUMAN 


GCDH HUMAN 


AI693352 




431 


66534 


GCKR 


glucokinase (hexokinase 4) regulatory 
protein 


T67007 


Hs.89771 


432 


66534 


GCKR 


glucokinase (hexokinase 4) regulatory 
protein 


T67006 


Hs.89771 


433 


471498 


GNS 


glucosamine (N-acetyl)-6-sulfatase ! 
(Sanfilippo disease IHD) 


AA035347 


Hs.2703 


434 


122636 


G6PC 


Glucose-6-phosphatase 


T98886 


Hs.242 


435 


122636 


G6PC 


Glucose-6-phosphatase 


T98887 


Hs.242 


436 


166236 


G6PD 


glucose-6-phosphate dehydrogenase 


R87497 




437 


166236 


G6PD 


glucose-6-phosphate dehydrogenase 


R88192 




438 


753775 


GMPR 


Glucose-6-phosphate dehydrogenase 


AA406242 


Hs.1435 


439 


753775 


GMPR 


Glucose-6-phosphate dehydrogenase 


AA410375 


Hs.1435 


440 


361565 


GLUD1 


glutamate dehydrogenase 1 


AA018372 


Hs.77508 


441 


361565 


GLUD1 


glutamate dehydrogenase 1 


AA017175 


Hs.77508 


442 


51702 


GOT1 


glutamic-oxaloacetic transaminase 1, 
soluble (aspartate aminotransferase 1) 


H22856 


Hs.597 


443 


51702 


GOT1 


glutamic-oxaloacetic transaminase 1, 
soluble (aspartate aminotransferase 1) 


H22855 


Hs.597 


444 


841370 


GOT2 


Glutamic-oxaloacetic transaminase 2, 
mitochondrial (aspartate aminotransferase 
2) 


AA487739 


Hs.170197 


445 


841370 


GOT2 


Glutamic-oxaloacetic transaminase 2, 
mitochondrial (aspartate aminotransferase 
2) 


AA487521 


Hs.170197 


446 


810999 


GPX1 


glutathione peroxidase 1 


AA485362 


Hs.76686 


44-7 


' 810999 


GPX1 


glutathione peroxidase 1 


AA485517 


Hs.76686 
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1448 
449 
450 


1 587847 1 
587847 
855523 


GPX2 G 
GPX2 G 
GPX3 


lutathione peroxidase 2, gastrointestinal 
lutathione peroxidase 2, gastrointestinal 
Glutathione peroxidase 3 (plasma) 1 
glutathione peroxidase 3 (plasma) 1 


AA135289 
AA135152 
AA664180 
AI147534 


Hs.2704 
Hs.2704 
Hs.172153 
Hs. 172153 


451 
452 
453 


1555659 
448619 

I 811792 

I I /n 0/110 I 

\\ 628418 


GPX3 
GSR 
GSS 

GPD1 


Glutathione reductase i 
Glutathione synthetase | 
giycerol-3-phosphate dehydrogenase 1 
(soluble) 


AA777289 
AA463458 

AA192547 


Hs.121524 
Hs.82327 

Hs.255718 


[45f 
45? 


> 628418 


rrPDi 


glycerol-3-phosphate dehydrogenase 1 1 
(soluble) 


AA193116 


Hs.255718 


456 


428756 


urU^ 


glycerol-3-phosphate dehydrogenase 2 | 
(mitochondrial) 1 


AA005219 


Hs.93201 




f 428756 


Kjr\J£ _ 


glycerol-3-phosphate dehydrogenase 2 I 
(mitochondrial) 


AA005218 


Hs.93201 


\451 
45$ 


\ 42558 




glycine amidinotransferase (L- 
arginine:glycine amidinotransferase) 


R61229 


Hs.75335 


45< 


) 42558 ! 




glycine amidinotransferase (L- \ 
arginine:glycine amidinotransferase) 


R61228 


Hs.75335 


46< 


) 134748 


GCSH 


glycine cleavage system protein H | 
(aminomethyl carrier) 


R28294 


Hs.77631 






GCSH 


nlirnma ^looiranp 0\/ctf*TYl tiPAtftin ri 1 
giyCUlC ClC<lVclgC ojr&icjii* pAwtwALi | 

(aminomethyl carrier) i 


R28081 


Hs.77631 


462 248261 


GLDC 


glycine dehydrogenase (decarboxylating; 

rrix//«rn<a A arlinYvl n<;p alvcine clea.va.fte 
glycine awt/<*rov/Ajri«»oc, gijr^ixi.v* 

system protein P) | 


N78083 


Hs.27 


463 248261 


[ GLDC 


glycine dehydrogenase (decarboxylating; 
glycine decarboxylase, glycine cleavage 
system protein P) 


\T£ o A f\ A 

N58494 


r±S.J.f 


464 45632 

465 45632 

466 245920 


, GYS1 

. - • — - GYS1 

P~ GYS2 
1 nvw 


glycogen synthase 1 (muscle) 
- " "glycogen synthase-r (muscle> ■ 
glycogen synthase 2 (liver) 
elvcosen synthase 2 (liver) 


H08446 
.H08732 
i N72934 
N52282 


Hs.772 
Hs.772 
Hs.82614 
Hs.82614 


467 245920 

468 1502027 

469 2250688 

470 841008 


I MGE1 

GT 

1 GBP1 


GrpE-like protein cochaperone mRNA 
GT 

Guanylate binding protein 1, interferon- 
inducible, 67kD 


AA887226 
AI659294 

AA486849 


Hs.62661 


471 841008 


| GBP1 


Guanylate binding protein 1, interferon- 
inducible, 67kD 


AA486850 


Hs.62ool 


472 796341 

473 796341 

474 300237 


\ CLCN3 
r CLCN3 
J No Data 


R sapiens RNA for CLCN3 
~ H. sapiens RNA for CLCN3 
- Rsapiens DAP-3 mRNA 


AA461332 
AA459750 
N78611 
W07332 


Hs. 174139 
Hs.174139 


4 
4 
A 

A 


75 300237 

76 341246 
■77 ' 341246 

m\ 1031185 


| CLPP 
1 rr pp 

j MA^or 


Rsapiens DAP-3 mRNA 
H.sapiens mRNA for CLPP 
Rsapiens mRNA for CLPP 
Rsapiens mRNA for mitochondrial 
capsule selenoprotein 


W58658 
W58337 

AA609976 


Hs.74362 
Hs.74362 

Hs.l 11850 


i 


¥19 259842 


| PMPCB 


Rsapiens mRNA for M-phase 
phosphoprotein, mppll 


N29844 


Hs.184211 


* 


180 259842 


1 PMPCB 


Rsapiens mRNA for M-phase 
phosphoprotein, mppl 1 


1 N57262 


XT— 1 O /J O 1 1 

Hs.184211 




481 1 810942 


[ 1DH3G 


Rsapiens mRNA for NAD (H>specific 
isocitrate dehydrogenase gamma subuni 
precursor 


t 

| AA459380 


Hs.75253 
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482 


810942 


IDH3G 


H.sapiens mRNA for NAD (H)-specific 
isocitrate dehydrogenase gamma subunit 
precursor 


AA459606 


Hs.75253 


483 


530282 


NDUFA1 


ELsapiens mRNA for NADH 
dehydrogenase 


AA1 11999 


Hs.74823 


484 


530282 


NDUFA1 


H.sapiens mRNA for NADH 
dehydrogenase 


AA083784 


• Hs.74823 


485 


813815 


NR1I3 


ELsapiens mRNA for orphan nuclear 
hormone receptor 


AA447727 


Hs.83623 


486 


813815 


NR1I3 


H.sapiens mRNA for orphan nuclear 
hormone receptor 


AA447889 


Hs.83623 


487 


810959 


ARHGDIA 


H.sapiens mRNA for rho GDP- 
dissociation Inhibitor 1 


AA459400 


Hs.159161 


488 


810959 


ARHGDIA 


Rsapiens mRNA for rho GDP- 
dissociation Inhibitor 1 


AA459625 


Hs.159161 


489 


506032 


TIM17 


H.sapiens mRNA for TIM17 preprotein 
translocase 


AA708446 


Hs.20716 


490 


814526 


EST 


H.sapiens seb4D mRNA 


AA459363 




491 


814526 


EST 


H.sapiens seb4D mRNA 


AA459588 




AQO 


Q1 AAAf\ 


SURF5 


H.sapiens SURF-5 mRNA 


AA459247 


Hs.78354 


493 


814460 


SURF5 


Hsapiens SURF-5 mRNA • 


AA459472 


Hs.78354 


494 


1671299 


HRK 


harakan, BCL2-mteracting protein 
(contains only 6H3 domain} 


JWJojk) /O 


XJo 879 AH 
X1S.O 1 JLrr / 






EST 


neat shock iuj&jl/ proicm i ^ciidpcx uimi 
101 


AA878786 


Hs.203620 


496 


1417985 


EST 


heat shock lOkD protein 1 (chaperonin 
10) 


AI791247 


Hs.203620 




lO /wjUJ 


HSPB2 


heat shock 27kD protein 2 


AI245337 


Hs.78846 


498 


1354618 


HSPF2 


heat shock 40kD protein 2 


AA830392 


Hs.172847 


499 


755904 


HSPA1A 


rlxlAl oxlL/v^lv f\j J&JJ Jr KAJ 1 H1JN 1 


A AAQA^AA 


xr<5 52QQ7 

ns.oi^y / 


500 


1604342 


HSPA9B 


heat shock 70kD protein 9B (mortalin-2) 


AA987644 


Hs3069 


501 


884719 


HSPA10 


HEAT SHOCK COGNAl K 71 KD 

JrjsXJ 1 XSJL IN 


a a /coo*; fn 


We 1 A 1 A 




ZJjUU" 


HSPCA 


tiPAT ^ROPK PROTFTN HSP 90- 
ALPHA 


H88540 


Hs. 180532 


503 


253009 


HSPCA 


HEAT SHOCK PROTEIN HSP 90- 
ALPHA 


H88588 


Hs.180532 


504 


824031 


HSJ2 


heat shock protein, DNAJ-like 2 


AA490946 




505 


824031 


HSJ2 


heat shock protein, DNAJ-like 2 


AA491132 




506 


1606894 


HSF4 


heat shock transcription factor 4 


AA999776 


Hs.75486 


507 


562101 


HERC1 


hf>ot /Tinmnlr»<Tnii<3 to the Ffi-AP ^^JBE3A , 

carboxyl terminus) domain and RCC1 
(CHCl)-like domain (RLD) 1 


AA211496 


Hs.255561 


508 


562101 


HERCl 


hect (homologous to the E6-AP (UBE3 A) 
carboxyl terminus) domain and RCC1 
(CHCl)-like domain (RLD) 1 


AA211544 


Hs.255561 


509 


85259 


^_ HMOX1 


heme oxygenase (decycling) 1 


T71757 


Hs.202833 


510 


85259 


HMOX1 


heme oxygenase (decycling) 1 


T71606 


Hs.202833 


511 


745116 


HMOX2 


Heme oxygenase (decycling) 2 


AA626370 


Hs.83853 


512 


433307 


HNF6A 


hepatocyte nuclear factor 6, alpha 


AA699732 


Hs.73168 


513 


840158 


HK1 


Hexokinase 1 


AA485271 


Hs.118625 


514 


840158 


HK1 


Hexokinase 1 


AA485272 


Hs.l 18625 


515 


1338040 


C46157 


HEXOKINASE D, LIVER ISOZYMES 


AA811712 




SU 


i 211780 


No Data 


Hexosaminidase B (beta polypeptide) 


H71868 
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517 


211780 


Mo Data 


W^vrxcanniTiiHsi^^ R fh^ta nnlvnfiTltlnfil 


H71081 




518 


767441 


HEXB 


hexosaminidase B (beta polypeptide) 


AA417946 


Hs.51043 


519 


767441 


HEXB 


nexosaniiniuase o ^oeia poiypepuue; 


A A418121 


Hs 51043 


520 


970591 


JtUVKjl 


High-mobility group (nonhistone 

pViroTnn^nm^l^ rimtftin 1 

\illi\JlXx\JO\JXllAlJ JJlULwJULl J. 


AA683085 


Hs.189509 


521 


363103 




High-mobility group (nonhistone 


AA019511 


Hs.80684 


522 


363103 


HMG2 


High-mobility group (nonhistone 
chromosomal) protein 2 


AA0192O3 


Hs.80684 




80924 


H03 


nisn. Qyi- LtviN j\ synineidoc 


T7ft1 04 


TT«? 77798 


524 


80924 


H03 


histidyl-tRNA synthetase 


T70037 


Hs.77798 


525 


812246 


HLCS j 


holocarboxylase synthetase (biotin- 
[proprionyl-Coenzyme A-carboxylase 
(A i Jr -nycroiysmg^ j ugase j 




TT<3 70^75 

x±o* / f J / 


526 


712577 


HCCS 


HOLOCYTOCHROME C-TYPE 

O UN 1 xxLZi x AijIj 


AA281548 


Hs 88859 


527 


712577 


HCCS 


HOLOCYTOCHROME C-TYPE 
SYNTHETASE 


AA281549 


Hs.88859 


528 


611075 


HOXA1 


homeo box Al 






529 


611075 


HOXA1 


homeo box Al 


AA173290 




530 


244146 


APAF1 


Homo sapiens apoptotic protease 
activating factor 1 (Apaf-l) mRNA, 
complete cds 


N51014 


Hs.77579 


531 


244146 


APAF1 


Homo sapiens apoptotic protease 
activating factor 1 (Apaf-1) mRNA, 
complete cds 


N72045 


Hs.77579 


532 


288796 


BNIP2 


Homo sapiens BCL2/adenovirus E1B 
19kD-interacting protein 2 (BNIP2) 
mRNA, complete cds 


JN0Z3 14 


TT C 1 <<<Q/C 


533 


432620 


NODI 


Homo sapiens caspase recruitment 

j » A /XT/-Yr"\ 1 \ T)\7 A 

domain 4 (NODI) mRNA 


a a tznnA a 1 

AAoyy44i 




534 


853506 


23956 Mma 


Homo sapiens clone 23956 mRNA, 
partial cds 


AAoo354y 


Un one 


535 


288888 


EST 


Homo sapiens clone 640 unknown 
mRNA, complete sequence 


N62617 


Hs.44563 


536 


288888 


EST 


Homo sapiens clone 640 unknown 
mRNA, complete sequence 


N78388 


Hs.44563 


537 


271102 


CCS 


Homo sapiens copper chaperone for 
superoxide dismutase (CCS) mRNA, 
complete cds 


N30404 


Hs.5002 


538 


489823 


COX17 


Homo sapiens COX17 mRNA, complete 
cds 


AA099855 


Hs. 16297 


539 


489823 


COX17 


Homo sapiens COX17 mRNA, complete 

COS 


A A AOO^ on 


TTc 1 £9 0*7 

ns. i Oj&7 / 


540 


487348 


DYMPLE 


Homo sapiens dynamin-like protein 
mRNA, complete cds 


AA045529 


Hs. 180628 


541 


487348 


DYMPLE 


Homo sapiens dynamin-like protein 
mRNA, complete cds 


AA040651 


Hs. 180628 


542 


359982 


BNIP3 


Homo sapiens E1B 19K/Bcl-2-binding 
protein Nip3 mRNA, nuclear gene 
encoding mitochondrial protein, complete 
cds 


AA063521 


Hs.79428 
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543 


359982 


< 

BNTP3 


Homo sapiens E1B 19K/Bcl-2-binding 

protein Nip3 mRNA, nuclear gene 
encoding mitochondrial protein, complete 
cds 


AA035669 


Hs.79428 


544 


395436 


HUEL 


Homo sapiens embryonic lung protein 
(HUEL) mRNA, complete cds 


AA757427 


Hs.44053 


545 


1472184 


HUEL 


Homo sapiens embryonic lung protein 
(HUEL) mRNA, complete cds 


AA873264 


Hs.44053 


546 


129644 


SSH3BP1 


Homo sapiens eps8 binding protein e3Bl 
mRNA, complete cds 


R16667 


Hs.24752 


547 


129644 


SSH3BP1 


Homo sapiens eps8 binding protein e3B 1 
mRNA, complete cds 


R16666 


Hs.24752 


548 


563574 


FRG1 


Homo sapiens FRG1 mRNA, complete 
cds 


AA1 13339 


Hs.203772 


549 


563574 


FRG1 


Homo sapiens FRG1 mRNA, complete 
cds 


AA1 12636 


Hs.203772 


550 


83279 


TIM23 


Homo sapiens inner mitochondrial 
membrane translocase Tim23 (TIM23) 
mRNA, nuclear gene encoding 
mitochondrial protein, complete cds 


T68317 


Hs.11866 


551 


83279 


TIM23 


Homo sapiens inner mitochondrial 
membrane translocase Tim23 (TIM23) 
mRNA, nuclear gene encoding 
mitochondrial protein, complete cds 


T68386 


Hs.11866 


552 


455123 


KIAA0429 


Homo sapiens KIAA0430 mRNA, 
complete cds 


AA676805 


Hs.77694 


553 


300590 


APACD 


Homo sapiens niRNA for ATP binding 
protein, complete cds 


N80741 


Hs.153884 


554 


300590 


APACD 


Homo sapiens mRNA for ATP binding 
protein, complete cds 


W07537 


Hs.153884 


555 


129146 


COX7RP 


Homo sapiens mRNA for COX7RP, 
complete cds 


R10896 


Hs.30888 


556 


129146 


COX7RP 


Homo sapiens mRNA for COX7RP, 
complete cds 


R10947 


Hs.30888 


557 


745314 


HIRIP5 


Homo sapiens mRNA for HERA- 
interacting protein HIRIP5 


AA625581 


Hs.17368 


558 


810316 


KIAA0631 


Homo sapiens mRNA for KIAA0631 
protein, partial cds 


AA464206 


Hs.75154 


559 


810316 


KIAA0631 


Homo sapiens mRNA for KIAA063 1 
protein, partial cds 


AA464139 


Hs.75154 


560 


490778 


QP-C 


Homo sapiens mRNA for low molecular 
mass ubiquinone-binding protein, 
complete cds 


AA133191 


Hs.3709 


561 


131653 


RPMS12 


Homo sapiens mRNA for mitochondrial 
ribosomal protein S12 


R23752 


t Hs.9964 


562 


131653 


RPMS12 


Homo sapiens mRNA for mitochondrial 
ribosomal protein S12 


R23806 


Hs.9964 


563 


344825 


LAS 


Homo sapiens mRNA for putative lipoic 
acid synthetase, partial 


W72965 


Hs.53531 


564 


344825 


LAS 


Homo sapiens mRNA for putative lipoic 
acid synthetase, partial 


W76202 


Hs.53531 


565 


345621 


CXX1 


Homo sapiens mRNA for putatively 
prenylated protein 


W72596 


Hs.255532 
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566 



567 



568 



569 



345621 



450574 



123474 



123474 



570 1 855890 



571 770043 



572 770043 



CXX1 



SCA7 



Homo Sapiens mRNA for spinocerebella 

P ataxia 7 I AA704255 | Hs.108447 



SCD 



SCD 



cDNA 



NDUFV1 



Homo sapiens mRNA for putatively 

nrenvlated protein I W76590 1 Hs.255532 



Homo sapiens mRNA for stearoyl-CoA 

' desaturase I R00707 I Hs.l 19597 



Homo sapiens mRNA for stearoyl-CoA 

desaturase I R00706 



Hs.l 19597 



Homo sapiens mRNA; cDNA 
DKFZp586C0722 (from clone 
DKFZp586C0722) 



AA630320 1 Hs.255914 



Homo sapiens NADH:ubiquinone 
dehydrogenase 51 kDa subunit 
(NDUFV1) mRNA, nuclear gene 
encoding mitochondrial protein, completel 



cds 



AA427570 Hs.7744 



NDUFV1 



Homo sapiens NADH:ubiquinone 
dehydrogenase 51 kDa subunit 
(NDUFV1) mRNA, nuclear gene 
lencoding mitochondrial protein, complete) 
cds 



AA427652 1 Hs.7744 



573 859228 



1574 1 124753 



575 293104 



IDH1 



Homo sapiens NADP-dependent 
isocitrate dehydrogenase (IDH) mRNA, 
complete cds 



AA666366 Hs.l 1223 



ABCD4 



Homo sapiens peroxisomal membrane 
protein 69 (PMP69) mRNA, complete cds 



R02189 



Hs.94395 



PHYH 



Homo sapiens peroxisomal phytanoyl- 
|CoA alpha-hydroxylase (PAHX) mRNA, | 
complete cds 



N91990 Hs. 172887 



576 1 293104 



577 1629264 



PHYH 



Homo sapiens peroxisomal phytanoyl- 
|CoA alpha-hydroxylase (PAHX) mRNA, | 
complete cds 



N63845 I Hs.172887 



hTIM44 



Homo sapiens putative mitochondrial . 
i inner membrane protein import receptor 
(hTIM44) mRNA, nuclear gene encoding 
' mitochondrial protein, complete cds I 



AI003393 J Hs.123178 



578 399532 



579 787938 



RPA40 



(Homo sapiens RNA polymerase I subunit 
hRP A39 mRNA, complete cds 



AA733038 Hs.5409 



SLC4A4 



Homo sapiens sodium bicarbonate 
|cotransporter (HNBC1) mRNA, completej 
cds 



AA452278 Hs.5462 



580 138189 



581 138189 



582 266106 



1583 1 266106 



WFS1 



Homo sapiens transmembrane protein 
(WFS1) mRNA, complete cds 



R53910 



Hs.26077 



WFS1 



Homo sapiens transmembrane protein 
(WFS1) mRNA, complete cds 



R53911 



Hs.26077 



YWHAE 



I Human 14-3-3 epsilon mRNA, complete | 

cds 



N21624 Hs.79474 



YWHAE 



I Human 14-3-3 epsilon mRNA, complete | 
cds 



N28863 



Hs.79474 



584 45464 



AK2 



luman adenylate kinase 2 (adk2) mRNA,| 
complete cds 



H09730 Hs.171811 



585 45464 

586 795543 



AK2 



iuman adenylate kinase 2 (adk2) mRNA,[ 
complete cds 



H10488 1 Hs.171811 



AOE372 



Human antioxidant enzyme AOE37-2 
mRNA, complete cds 



AA459663 1 Hs.83383 
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587 


241481 


] 

CASP10 


Suman apoptotic cysteine protease Mch4 
(Mch4) mRNA, complete cds 


H80712 


Hs.5353 


588 


241481 


] 

CASP10 


Suman apoptotic cysteine protease Mch4 
(Mch4) mRNA, complete cds 


H80711 


Hs.5353 


589 


897774 


APRT 


Human APRT gene for adenine 
phosphoribosyltransferase 


AA598510 


Hs.28914 


590 


810552 


REA 


Human B-cell receptor associated protein 
ChBAP) mRNA, partial cds 


AA464669 


Hs.7771 


591 


810552 


REA 


Human B-cell receptor associated protein 
(hBAP) mRNA, partial cds 


AA464567 


Hs.7771 


592 


2326129 


BBC3 


Human Bcl-2 binding component 3 
(bbc3) mRNA, partial cds 


AI688112 


Hs.87246 


593 


795729 


BAD 


Human Bcl-2 binding component 6 
(bbc6) mRNA, complete cds 


AA460291 


Hs.76366 


594 


795729 


BAD 


Human Bcl-2 binding component 6 
(bbc6) mRNA, complete cds 


AA461579 


Hs.76366 


595 


814478 


BCL2A1 


Human Bcl-2 related (Bfl-1) mRNA, 
complete cds 


AA459263 


Hs.227817 


596 


814478 


BCL2A1 


Human Bcl-2 related (Bfl-1) mRNA, 
complete cds 


AA459491 


Hs.227817 


597 


212198 


TP53BP2 


Human Bcl2, p53 binding protein 
Bbp/53BP2 (BBP/53BP2) mRNA, 
complete cds 


H69153 


Hs.44585 


598 


212198 


TP53BP2 


Human Bcl2, p53 binding protein 
Bbp/53BP2 (BBP/53BP2) mRNA, 
complete cds 


H69077 


Hs.44585 


599 


432581 


Novel Gene 


Human BRCA2 region, mRNA sequence 
CG012 


AA699390 


Hs.184938 


600 


433111 


BAC clone CIT987SK-A- 
735G6 


Human Chromosome 16 BAC clone 
CIT987SK-A-735G6 


AA680407 


Hs.47278 


601 


782635 


NDUFAB1 


Human Chromosome 16 BAC clone 
CIT987SK-A-735G6 


AA447569 


Hs.5556 


602 


782635 


NDUFAB1 


Human Chromosome 16 BAC clone 
CIT987SK-A-735G6 


AA448553 


Hs.5556 


603 


669471 


23589 mRNA 


Human clone 23589 mRNA sequence 


AA234889 


Hs. 11506 


604 


669471 


23589 mRNA 


Human clone 23589 mRNA sequence 


AA253479 


Hs. 11506 


605 


771173 


23732 mRNA 


Human clone 23732 mRNA, partial cds 


AA443497 


Hs.81281 


606 


771173 


23732 mRNA 


Human clone 23732 mRNA, partial cds 


AA429483 


Hs.81281 


607 


745606 


23759 mRNA 


Human clone 23759 mRNA, partial cds 


AA626336 


Hs. 118666 


608 


323500 


CASP6 


Human cysteine protease Mch2 isoform 
alpha (Mch2) mRNA, complete cds 


W45688 


Hs.3280 


609 


323500 


CASP6 


Humanxysteine protease Mch2 isoform 
alpha (Mch2) mRNA, complete cds 


W44316 


Hs.3280 


610 


71420 


CYP2C9 


Human cytochrome P4502C9 (CYP2C9) 
mRNA, clone 65 


T47787 




611 


71420 


CYP2C9 


Human cytochrome P4502C9 (CYP2C9) 
mRNA, clone 65 


T47788 




612 


. 754490 


SLC25A16 


Human GT mitochondrial solute carrier 
protein homologue mRNA, complete cds 


AA411554 


Hs. 180408 


612 


\ 1 754490 


SLC25A16 


Human GT mitochondrial solute carrier 
protein homologue mRNA, complete cds 


i AA410572 


Hs.180408 
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614 


1734348 


Go-alpha 


Human guanine nucleotide-binding 
regulatory protein (Go-alpha) gene 


AI188097 


Hs.169647 


615 


826204 


FLU 


Human homolog of D. melanogaster 
flightless-I gene product mRNA, partial 
cds 


AA521453 


Hs.83849 


OlO 


1AA7T7 


IXrwV JL 


Human HS1 binding protein HAX-1 

niKJNA, nuciear gene encoding 
mitochondrial nrotein conmlete cd^ 


R76263 


Hs. 15318 


01 / 






Human HS1 binding protein HAX-1 

rnRNA, nuclear gene encoding 
mitochondrial nroteiiL comnlete cds 


R76544 


Hs 15318 

AXO« X.-JJ lO 


618 


261481 


CUL3 


Human Hs-cul-3 mRNA, partial cds 


H98621 


Hs.78946 


619 


2014oi 


r'TTT ^ 1 


TTiiTtiaTi TTc— r»n1- *\ mUNA t%s*t+i<i1 r*Ho 
million na"CUi"j ii.uviN.rv, yen uoi luo 




rib. / oy*tO 


620 


233551 


WTP7 


Human huntingtin interacting protein 




HS.l jj4oj 


621 


2335ol 


JtULErZ 


Human huntingtin interacting protein 


n/ojoj 


JH.S. 1 DDHO D 


622 


363086 


CKMT1 


Human mitochondrial creatine kinase 
(CKMT) gene, complete cds 


AA019482 


Hs.153998 


623 


363086 


CKM1 1 i 


Human mitochondrial creatine kinase 

/ f^TfK A ' 1 '"\ ******** Jl.TIll l.T_l - i _3- *«*1n 

(CivM l } gene, complete cas 


A A A 1 A*l O O 

AAU 19332 


Hs.l 53998 


624 


1390584 


MIPEP 


Human mitochondrial intermediate 
peptidase precursor (MIPEP) mRNA, 

.mitochondrial gene encoding 
mitochondrial protein, complete cds 


AA843592 


Hs.68583 


625 


134269 


POLRMT 


Human mitochondrial RNA polymerase 
mRNA, nuclear gene encoding 
mitochondrial protein, complete cds 


R31115 


Hs.153880 


626 


134269 


rULRMI 


Human mitochondrial RNA polymerase 
mRNA, nuclear gene encoding 
mitochondrial protein, complete cds 


T)r> 1 1 HA 

K31 174 


Hs.153880 


627 


781050 


rriJJND 


Human mRNA for c-myc binding protein, 
complete cas 


/YA44o4Do 


JtlS.oUooo 


628 


781050 


IrrJL/IND 


Human mRNA for c-myc binding protein, 
complete cus 


AA.43UU 1U 


riS.ouooO 


629 


451706 


JrOJLA 


Human mRNA for DNA polymerase 
alpha- subumt 


A A Hf\H£L CA 
AA70/O50 


it- T/irtrtA 

xis.74090 


630 


41541 


rsol 


Human mRNA for KIAA0017 gene, 
complete cds 




X1S.2D3U2J 


631 


41541 


"DOT 

col 


Human mRNA for KIAA0017 gene, 
complete cas 


JOZ/oo 


±1S.2D3U23 


632 


842olo 


V" ADC 


Human mRNA for KIAA0070 gene, 

pal Hal Uia 


A A48/ : ;'*'7zl 


Wo *5 1 on 


633 


842818 




Human mRNA for KIAA0070 gene, 

pal Ual tua 


A A48rV39fi 


tic a i nn 


634 


280496 




Human mRNA for KIAA0123 gene, 

par Ual vuo 


INDIOjZ 


JtlS. / JjDj 


ODD 


J? S Qa97 

OJ7DZ / 


KIAA0185 


Human mRNA for KIAA01 85 gene, 
partial cds 


AA666405 


Hs 255573 


636 


783698 


KIAA0188 


Human mRNA for KIAA0188 gene, 
partial cds 


AA446822 


Hs.81412 


637 


783698 


KIAA0188 


Human mRNA for KIAA0188 gene, 
partial cds 


AA446821 


Hs.81412 
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638 


347031 


KIAA0195 


Human mRNA for KIAA0195 gene, 
complete cds 


W79511 


Hs.80540 


639 


347031 


KIAA0195 


Human mRNA for KIAA0195 gene, 
complete cds 


W79398 


Hs.80540 


640 


753248 


KIAA0381 


Human mRNA for KIAA0381 gene, 
partial cds 


AA406231 


Hs.100113 


641 


753248 


KIAA0381 


Human mRNA for KIAA0381 gene, 
partial cds 


AA406503 


Hs.100113 


642 


108208 


HADHB 


Human mRNA for mitochondrial 3- 
ketoacyl-CoA thiolase beta-subunit of 
trifunctional protein, complete cds 


T69767 


Hs.146812 


643 


108208 


HADHB 


riuman m i\in/\ ior mi i o c nur luri d i s>- 
ketoacyl-CoA thiolase beta-subunit of 
trifunctional protein, complete cds 


T70752 


Hs. 1468 12 


644 


869538 


NDUFA4 


Human NADH:ubiquinone 
oxidoreductase MLRQ subunit mRNA, 
complete cds 


AA680322 


Hs.108661 


645 


810452 


TOM34 


Human putative outer mitochondrial 
membrane 34 kDa translocase hTOM34 
mRNA, complete cds 


AA457118 


Hs.76927 


646 


127197 


CXORF6 


Human Xq28 mRNA, complete cds 


R08270 


Hs.20136 


647 


127197 


CXORF6 


Human Xq28 mRNA, complete cds 


R08271 


Hs.20136 


648 


811108 


TRIP6 


Human zyxin related protein ZRP-1 
mRNA, complete cds 


AA485677 


Hs.l 19498 


649 


811108 


TRIP6 


Human zyxin related protein ZRP-1 
mRNA, complete cds 


AA485807 


Hs. 119498 


650 


79828 


HD 


Huntingtin (Huntington disease) 


T64094 


Hs.79391 


651 


79828 


HD 


Huntingtin (Huntington disease) 


T64015 


Hs.79391 


652 


1752540 


HIP1 


huntingtin interacting protein 1 


AI150389 




653 


1566230 


HYAL3 


hyaluronoglucosaminidase 3 


AI140794 


Hs.129910 


654 


2095653 


GL04 


HYDROXY ACYLGLUTATHIONE 
HYDROLASE 


AI420642 




655 


141966 


HSD3B1 


hydroxy-delta-5-steroid dehydrogenase, 3 
beta- and steroid delta-isomerase 1 


R68803 


Hs.38586 


656 


141966 


HSD3B1 


hydroxy-delta-5-steroid dehydrogenase, 3 
beta- and steroid delta-isomerase 1 


R68906 


Hs.38586 


657 


126243 


HMBS 


Hydroxymethylbilane synthase 


R06321 


Hs.82609 


658 


126243 


HMBS 


Hydroxymethylbilane synthase 


R06263 


Hs.82609 


659 


321163 


HSU79253 


hypothetical protein 


W53000 


Hs.56155 


660 


321163 


HSU79253 


hypothetical protein 


W52999 


Hs.56155 


661 


280507 


HPRT1 


Hypoxanthine phosphoribosyltransferase 
1 (Lesch-Nyhan syndrome) 


N47312 


Hs.82314 


662 


280507 


HPRT1 


Hypoxanthine phosphoribosyltransferase 
1 (Lesch-Nyhan syndrome) 


N47311 


Hs.82314 


663 


2216141 


EFM1 


IFM1 


AI654459 




664 


767034 


ILVBL 


ilvB (bacterial acetolactate synthase)-like 


AA424288 


Hs.78880 


665 


767034 


ILVBL 


ilvB (bacterial acetolactate synthase)-like 


AA451741 


Hs.78880 


666 


1606837 


IMPDH2 


IMP (inosine monophosphate) 
dehydrogenase 2 


AA996028 


Hs.75432 


667 


50754 


MTIF2 


INITIATION FACTOR IF-2, 
MITOCHONDRIAL PRECURSOR 


H18070 


Hs.149894 


668 


111981 


G1P3 


interferon, alpha-inducible protein (clone 
IFI-6-16) 


T84633 


Hs.179972 
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669 
670 


111981 
491763 ! 


ii 

G1P3 
IL1B 


aterferon, alpha-inducible protein (clone 
IFI-6-16) J 

mterleukin 1, beta 


T91807 
AA150507 
AA156711 


Hs. 179972 
Hs. 126256 
Hs. 126256 


671 
672 

673 


491763 
2119594 j 

869375 


IL1B 
IDH1 

IDH2 


ISOCITRATE DEHYDROGENASE 

Isocitrate dehydrogenase 2 (NADP+), 
mitochondrial 


AI399657 
AA679907 


Hs.252546 


674 
,675 
676 
677 


2168168 
755474 
755474 
810325 


i 

ETFB 
IARS 
IARS 
IVD 


socitrate dehydrogenase 3 (NAD+) alpha 
(IDH3A), 
isoIeucine-tRNA synthetase 
isoleucine-tRNA synthetase 

isovaleryl Coenzyme A dehydrogenase 


AI565774 
AA410636 
AA419192 
AA464149 
AA464216 


Hs.77510 
Hs.77510 


678 
679 
680 
681 

682 


810325 
2148505 
809707 1 
809707 

1474284 1 


IVD 
JC4913 
JUNB 
JUNB 

KAI1 


isovaleryl Coenzyme A dehydrogenase 
JC4913 
jun B proto-oncogene 
jun B proto-oncogene 

kangai 1 (suppression of tumorigenicity 
6, prostate; CD82 antigen (R2 leukocyte 
antigen, antigen detected by monoclonal 
ana annooay u\.*t)j 


AI469831 
AA454711 

AA922309 


Hs.198951 
Hs 198951 

Hs.25409 


683 


845441 


KIAA0016 J 


KIAA0016 gene product 
KIHUA3 


AA644550 


Hs.75187 


684 
685 


2241563 
21738 


KIHUA3 
HADHSC 


L-3-hydroxyacyl-Coenzyme A 
dehydrogenase, short chain 


T65482 


Hs.7153 


686 


21738 


HADHSC 


L-3-hydroxyacyi-Coenzyme A 
dehydrogenase, short chain 


T65407 


Hs.7153 


687 


884644 


LAMR1 


Laminin receptor (2H5 epitope) 


AA629897 


Hs.181357 


688 
689 


704360 
1256792 


LCFA HUMAN 
MAD4 


LCFA HUMAN 
Mad4 homolog 
MALATE DEHYDROGENASE 


A AR7SQ77 

AI302237 


Hs 102402 


690 
691 


1908746 
1636908 


MDH1 
I MDH2 


malate dehydrogenase 2, NAD 
(mitochondrial) 


AI000271 


Hs.l 11076 


692 


2010949 


j ME2 


malic enzyme 2, mitochondrial 




Ws 7S^42 


693 


896921 


I ME3 


malic enzyme, NADP+-dependent, 
mitochondrial 


A A77Q401 


Hs 2838 


694 


814211 


I M6PR 


Mannose-6-phosphate receptor (cation 
dependent) 




H<s 75709 


695 


814211 


I M6PR 


Mannose-6-phosphate receptor (cation 
dependent) 




W«5 75709 


696 


589115 


1 MMP1 


matrix metalloproteinase 1 (interstitial 
collagenase) 


A A 1 A 1 

AA143201 




697 


589115 


J MMP1 


matrix metalloproteinase 1 (interstitial 
collagenase) 


AA143331 




69S 


1 1574438 


1 MMP11 


" matrix metalloproteinase 1 1 (stromelysir 
3) 


t 

A A 0540^ 


Hs 155324 

J. AO. A 


69$ 


) 196612 


MMP12 


matrix metalloproteinase 12 (macrophag< 
elastase) 


3 

"RQ9QQ4 


Hs.l 695 


\nc\( 
/Ul 




| MMP12 


matrix metalloproteinase 12 (macrophag 
elastase) 


R93037 


Hs.1695 


70 


L 251047 


J MMP17 


matrix metalloproteinase 17 (membrane 
inserted) 


H97792 


Hs.159581 


70: 


2 784589 


! MMP15 


Matrix metalloproteinase 2 


AA443300 


Hs.80343 


|70 


3 784589 


1 MMP15 


Matrix metalloproteinase 2 


AA443433 


Hs.80343 
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704 


470393 


MMP7 


matrix metalloproteinase 7 (matrilysin, 
uterine) 


AA031513 


Hs.2256 


/UD 




MMP7 


matrix metalloproteinase 7 (matrilysin, 
uterine) 


AA031514 


Hs.2256 


706 


2213770 


CCHU 


Matrix metalloproteinase 7 (matrilysin, 
uterine) 


AI582304 




707 


22040 


MMP9 


matrix metalloproteinase 9 (gelatinase B, 
92kD gelatinase, 92kD type IV 
collagenase) 


T72581 




708 


22040 


MMP9 


matrix metalloproteinase 9 (gelatinase B, 
92kD gelatinase, 92kD type IV 
collagenase) 


T64837 




1 

709 


773266 


MMP9 


matrix metauoproieinase y ^geiaunase d, 
92kD eelatinase. 92kD tvoe IV 
collagenase) 


AA425227 


Hs.151738 


710 


773266 


MMP9 


matrix metalloproteinase 9 (gelatinase B, 
92kD gelatinase, 92kD type IV 
collagenase) 


AA425503 


Hs.151738 


711 


2091860 


MMPL1 


matrix metalloproteinase-like 1 


AI382081 


Hs.198265 


712 


240766 


Data unavailable 


METALLOPROTEINASE INHIBITOR 
1 PRECURSOR 


H80214 




713 


240766 


Data unavailable 


METALLOPROTEINASE INHIBITOR 
1 PRECURSOR 


H80215 




J714 






methylene tetrahydrofolate 
dehydrogenase (NAI>t- dependent), 
mefh envl tetrah vdrofhl ate cvclohvdrolase 

IlivUivil j -I IvU Ally Ml Ulyiulv vjr vlviij vjj. viuvv 


AI497794 




715 


1473506 


MMSA HUMAN 


METHYLMALONATE- 
SEMI ALDEHYDE 
DEHYDROGENASE 


AA915881 




716 


2091562 


S40622 


METHYLMALONYL-COA MUTASE 
PRECURSOR 


AI377286 




717 


278570 


MITF 


Microphthaimia-associated transcription 
factor 


N66177 


Hs.166017 


718 


278570 


MITF 


Microphthaimia-associated transcription 
factor 


N99168 


Hs.166017 


719 


768443 


MGST1 


microsomal glutathione S-transferase 1 


AA495936 


Hs.790 


720 


768443 


MGST1 


microsomal glutathione S-transferase 1 


AA495935 


Hs.790 


721 


629896 


MAP IB 


MICROTUBULE-ASSOCIATED 
PROTEIN IB 


AA219045 


Hs.103042 


722 


1084029 


A56650 


MITOCHONDRIAL 2- 
OXOGLUTARATE/MALATE 
CARRIER PROTEIN 


AA594052 




723 


44255 


RPML3 


MITOCHONDRIAL 60S RIBOSOMAL 
I PROTEIN L3 


H06113 


Hs.79086 


724 


44255 


RPML3 


MITOCHONDRIAL 60S RIBOSOMAL 
PROTEIN L3 


H05820 


Hs.79086 


7?i 


433553 


CAS 


Mitochondrial carbonic anhydrase 


AA699469 


Hs.177446 


726 


1175538 


A39018 


MITOCHONDRIAL CARNITINE 
PALMITOYLTRANSFERASE H 
PRECURSOR 


AA641442 




727 


324618 


TSFM 


MITOCHONDRIAL ELONGATION 
FACTOR TS PRECURSOR 


W47015 


Hs.3273 


|72S 


1 324618 


TSFM 


MITOCHONDRIAL ELONGATION 
FACTOR TS PRECURSOR 


W47014 


Hs.3273 
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729 



2066585 



730 



133099 



133099 



LON-PEN 



MMP1 Precursor 



MMP1 Precursor 



MITOCHONDRIAL LON PROTEASE 
HOMOLOG ______ 



MITOCHONDRIAL MATRIX 
PROTEIN PI PRECURSOR 



MITOCHONDRIAL MATRIX 
PROTEIN PI PRECURSOR 



AI377406 



R26234 



R26235 



732 



448491 



733 



1587031 



734 



814346 



mrp2 



HSPA9 



MTIF2 



MITOCHONDRIAL RIBOSOMAL 
PROTEIN S14 



AA777627 



MITOCHONDRIAL STRESS-70 
PROTEIN 



AA948223 



mitochondrial translational initiation 
factor 2 



AA458825 



Hs. 149894 



735 



814346 



736 



1916771 



MTIF2 



mitochondrial translational initiation 
factor 2 



AA459016 



Hs.149894 



MTRF1 



mitochondrial translational release factor 
1 



AI347695 Hs.80683 



737 



1880757 



738 



2244621 



739 



645006 



MAP3K5 



mitogen-activated protein kinase kinase 
kinase 5 



AI268273 



MRF1 



MRF1 



AI656905 



MRP4 



MRP4 



AA197284 



Hs.151988 



645006 



MRP4 



MRP4 



AA205815 



741 



1933324 



742 



302190 



743 



302190 



MPZ 



MLL 



MLL 



myelin protein zero (Charcot-Marie- 
Tooth neuropathy IB) 



myeloid/lymphoid or mixed-lineage 
leukemia (trithorax (Drosophila) 
homolog) 



myeloid/lymphoid or mixed-lineage 
leukemia (trithorax (Drosophila) 
homolog) 



AI351956 



Hs.93883 



W16724 



Hs.199160 



N77807 



Hs.199160 



744 



842989 



745 



842989 



746 



814615 



747 



814615 



748 



773287 



749 



773287 



750 



1635681 



MYL6 



MYOSIN LIGHT CHAIN ALKALI, 
NON-MUSCLE ISOFORM 



AA488346 



Hs.77385 



MYL6 



MYOSIN LIGHT CHAIN ALKALI, 
NON-MUSCLE ISOFORM 



AA488477 



Hs.77385 



MTHFD2 



NAD-dependent methylene 
terrahydrofolate dehydrogenase 
cyclohydrolase 



AA480995 



Hs.154672 



MTHFD2 



NAD-dependent methylene 
tetrahydrofolate dehydrogenase 
cyclohydrolase 



NDUFA2 



NDUFA2 



NDUFA2 



NADH dehydrogenase (ubiquinone) 1 
alpha subcomplex, 2 (8kD, B8) 



NADH dehydrogenase (ubiquinone) 1 
alpha subcomplex, 2 (8kD, B8) 



AA480994 



Hs.154672 



AA425211 



Hs. 163867 



AA425534 



Hs.163867 



NADH dehydrogenase (ubiquinone) 1 
alpha subcomplex, 2 (8kD, B8) 



AI017426 



Hs.163867 



751 



950578 



NDUFA5 



NADH dehydrogenase (ubiquinone) 1 
alpha subcomplex, 5 (13kD, B13) 



AA608515 



Hs.83916 



752 



897987 



753 



450896 



NDUFA9 



NADH dehydrogenase (ubiquinone) 1 
alpha subcomplex, 9 (39kD) 



AA598884 



Hs.75227 



NDUFB4 



NADH dehydrogenase (ubiquinone) 1 
beta subcomplex, 4 (15kD, B15) 



AA704675 



754 



562409 



NDUFS5 



NADH dehydrogenase (ubiquinone) 1 
beta subcomplex, 4 (15kP, B15) 



AA214053 



Hs.80595 
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755 


562409 


NDUFS5 


NADH dehydrogenase (ubiquinone) 1 
beta subcomplex, 4 (15kD, B15) 


AA214154 


Hs.80595 


756 


307933 


NDUFB5 


NADH dehydrogenase (ubiquinone) 1 
beta subcomplex, 5 (16kD, SGDH) 


N93053 


Hs.19236 


757 


307933 


NDUFB5 


NADH dehydrogenase (ubiquinone) 1 
beta subcomplex, 5 (16kD, SGDH) 


W21390 


Hs.19236 


758 


470861 


NDUFB6 


NADH dehydrogenase (ubiquinone) 1 
beta subcomplex, 6 (17kD, B17) 


AA034268 


Hs. 109646 


759 


470861 


NDUFB6 


NADH dehydrogenase (ubiquinone) 1 
beta subcomplex, 6 (17kD, B17) 


AA032077 


Hs.109646 


760 


771089 


NDUFB7 


NADH dehydrogenase (ubiquinone) 1 
beta subcomplex, 7 (18kD, B18) 


AA428058 


Hs.661 


761 


771089 


NDUFB7 


NADH dehydrogenase (ubiquinone) 1 
beta subcomplex, 7 (18kD, B18) 


AA429046 


Hs.661 


762 


796513 


NDUFC1 


NADH dehydrogenase (ubiquinone) 1, 
subcomplex unknown, 1 (6kD, KFYI) 


AA460251 


Hs 84549 


763 


796513 


NDUFC1 


NADH dehydrogenase (ubiquinone) 1, 
subcomplex unknown, 1 (6kD, KFYI) 


AA463815 


Hs.84549 


764 


753457 


NDUFS1 


iNi^vL/xx uciiytir ugciittise ^uuiquinone^ r e-o 
protein 1 (75kD) (NADH-coenzyme Q 
reductase) 


AA406535 


Hs.8248 


765 


753457 


NDUFS1 \ 


vij\un ucnyurugenase ^uDiquinonej .re-o 
protein 1 (75kD) (NADH-coenzyme Q 
reductase) 


AA406536 


Hs.8248 


766 


743811 


NDUFS3 


irij\uri ucnyurogcnase ^uoiquinonej re-fi 
protein 3 (30kD) (NADH-coenzyme Q 
reductase) 


AA634381 


Hs.5273 


767 


377152 


NDUFS4 


NADH dehydrogenase (ubiquinone) Fe-S 
protein 4 (18kD) (NADH-coenzyme Q 
reductase) 


AA055101 


Hs. 10758 


768 


377152 


NDUFS4 


ixxvL^Xi uciiyurugcnabe ^uuiquinonej Jre-o 
protein 4 (18kD) (NADH-coenzyme Q 
reductase) 


AA055102 


Hs. 10758 


769 


502141 


NDUFS8 


iNrvL/n ueiiyurogcnase ^uoiquinone^ Jre-D 
protein 8 (23kD) (NADH-coenzyme Q 
reductase) 


AA127014 


Hs.90443 


770 


502141 


NDUFS8 


NADH dehydrogenase (ubiquinone) Fe-S 
protein 8 (23kD) (NADH-coenzyme Q 
reductase) 


AA128218 




771 


1486260 


NDUFV2 


NADH dehydrogenase (ubiquinone) 
flavoprotein 2 (24kD) 


AA922326 


Hs.51299 


772 


1676983 


RDHUB5 


NADH-CYTOCHROME B5 
REDUCTASE 


AI076798 




773 


1632011 


NPR2 


natriuretic npntiHft rp<*f*ntrvr R/oiianv1 c»f <=» 
cyclase B (atrionatriuretic peptide 
receptor B) 


AA994689 


Hs.78518 


774 


994950 


NDUFA10 


NDUFA10 


AA555087 




775 


1588691 


NDUFA2 


NDUFA2 


AA975360 




776 


929358 


NDUFA3 


NDUFA3 


AA492039 




777 


2118546 


NDUFA6 


NDUFA6 


AI524304 




778 


1270489 


NDUFA7 


NDUFA7 


AA748476 




779 


171756 


NDUFA8 


NDUFA8 


HI 8333 
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780 


171756 


"MTU TP" A 8 


NDUFA8 


H18364 




781 


1 a n lit ! 

1473135 


TSmTTFARI 

JLN U X /\U 1 


NDUFAB1 


AA873566 




782 


998616 


XTTlT TT7"R 1 
JNJJUrDl 


NDUFB1 

A 'I V>/ A Aj» A 


AA535762 




783 


2170527 


"NTYT TFR 1 0 

IN XJ *J XT JD 1 V/ 


NDUFB10 


AI571333 




784 


1001 ^Al 

18oloy3 


>jryr TFR9 

IN JL/ \J X JJZ. 


NDUFB2 


AI290799 




785 


2103675 i 




NDUFB3 


AI401200 




786 




"WTYFTFRR 

X^l L/UI JJO 1 


NDUFB8 


AI608733 




787 


yo44yo 


NDT TFR9 


NDUFB9 


AA526075 




788 


227781 / 




NDUFC2 


AI653801 




789 


1019401 


NDUFS2 


NDUFS2 


AA551149 




790 


1585499 


XTTYT TT7C < 


MnTTFS^ 

IN LJ \J A v_5 _J 


AA974058 




791 


51826 


INN 1 


uCOuiiainiQ.c nucicuixuc udxxauyuxugcijiaoc 




Ha 18136 


792 


51826 


TSTMT 
JNJN 1 


lllvULlXlaXXXXlXC UUUCUUUv U dklOlXj IAA UgbllOoc 


H24126 


Hs 18136 


793 


1160732 


NOS2A 


Nitnc oxide synthase 2A (inducible, 
hepatocytes) 


AA877840 


Hs.193788 


794 


150466 


DOT 


IN lux C UX.XUC oyulilaoC J ^C11U.VJ liXC^XX ctX l*CXX J 




H<5 237163 


795 


150466 


EST 


Nitric oxide synthase 3 (endothelial cell) 


H01788 


Hs.237163 


796 


1468820 


NOS3 


nitnc oxiue synxnase J ^enaoineiiai ceiij 


AAoo4y O / 


XJ.S. 1 OOj / J 


797 


755750 


NME2 


non-metastatic cells 2, protein (NM23B) 
expressed in 


A A 40/^98 
AA4yOOZo 


lt c 9^^700 
xjls.z->j /yu 


798 


755750 


NME2 


non-metastatic cells 2, protein (NM23B) 
• expressed in 


A A ACStZ< 1 1 


ris.ZDD /yu 


799 


207808 


NFATC3 


nuclear factor of activated T-cells, 
cytoplasmic 3 


ucn A /I Q 

rijyU4o 


TJo 1 J 70<T>1 

JtlS.l /ZO/*f 


800 


207808 


NFATC3 


nuclear factor of activated T-cells, 
cytoplasmic 3 


H59047 


Hs. 172674 


801 


1870662 


A54868 


nuclear respiratory factor 1 (NRF1) 


AI245773 




802 


567414 


NFYB 


nuclear transcription factor Y, beta 


AA130846 




803 


783696 


OAT 


ornithine aminotransferase (gyrate 
atrophy) 


AA446819 


Hs.75485 


804 


783696 


r-\ a <-p 

OAT 


ornithine aminotransferase (gyrate 
atrophy) 


A AAA/ZQ1f\ 
f\J\ t T t i\J OZU 


lib. / J*tOJ 


805 


796646 


ODCl 


orminine uecarooAyxa&c x 




xJq 7^919 

IXo. /DjLIZ, 


806 


796646 




i jrniTmne uccaruoxyiaoe i 




TT<s 7^9 1 9 


807 


i /owe *t 

1637751 


UAA1L 


UAiuaoc wWlX UXIXG \*) aoovlilUiy 1 11JVC 


AT001 1 80 

A1UU1 lOv 


XXOt J. J ± J. 


808 


1704170 


OXA1HS 


oxoglutarate dehydrogenase (lipoamide) 


AI096611 




809 


233479 


No Data 


Oxoglutarate dehydrogenase (lipoamide) 


H78910 




810 


233479 


No Data 


Oxoglutarate dehydrogenase (lipoamide) 


rioux do 




811 


1 1371793 


OGDH 


oxoglutarate dehydrogenase (lipoamide) 


AAoDO /oy 


xis.iooooy 


812 


1632231 


UQCRC1 


P31930 UBIQUINOL-CYTOCHROME- 
C REDUCTASE COMPLEX CORE 
PROTEIN I PRECURSOR 


AI005342 




813 


162775 


DDX5 


ruo r KAJ 1 iSxiN 




IxS. / OUjj 


814 


162775 


DDX5 


P68 PROTEIN 


H27646 


Hs.76053 


815 


43884 


PPIF 


PEPTDDYL-PROLYL CIS-TRANS 
ISOMERASE, MITOCHONDRIAL 
PRECURSOR 


H05580 


Hs. 173 125 


816 


43884 


PPIF 


PEPTIDYI^PROLYL CIS-TRANS 
ISOMERAoJb, Mi 1 UCnUiNxJKlAL 
PRECURSOR 


H05115 


Hs. 173 125 


817 


774726 


PPIF 


peptidylprolyl isomerase F (cyclophilin 
F) 


AA442081 


Hs.173125 


818 


774726 


PPIF 


peptidylprolyl isomerase F (cyclophilin 


AA442184 


Hs.173125 
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F) 






819 


133273 


PMP22 


peripheral myelin protein 22 


R26960 


Hs.103724 


820 


133273 


PMP22 


peripheral myelin protein 22 


R26732 


Hs.103724 


821 


788518 


PXMP3 


Peroxisomal membrane protein 3 (35kD, 
Zellweger syndrome) 


AA452566 




822 


788518 


PXMP3 


Peroxisomal membrane protein 3 (35kD, 
Zellweger syndrome) 


AA452747 




823 


1476157 


PXR1 


peroxisome receptor 1 


AA873073 


Hs.158084 


824 


455263 


PET112L 


PET1 12 (yeast homolog)-like 


AA677572 


Hs.11127 


825 


951683 


PHC 


PHC 


AA629980 




826 


843109 


FARS1 


phenylalanine-tRNA synthetase 


AA488691 


Hs.57969 


827 


843109 


FARS1 


phenylalanine-tRNA synthetase 


AA486503 


Hs.57969 


828 


842784 


PHC 


phosphate carrier, mitochondrial 


AA486305 


Hs.78713 


829 


842784 


PHC 


phosphate carrier, mitochondrial 


AA486200 


Hs.78713 


830 


346009 


PFKL 


Phosphofructokinase (liver type) 


W72140 


Hs. 155455 


831 


346009 


PFKL 


Phosphofructokinase (liver type) 


W77881 


Hs.155455 


832 


489626 


PFKM 


Phosphofructokinase, muscle 


AA099169 


Hs.75160 


833 


489626 


PFKM 


Phosphofructokinase, muscle i 


AA101919 


Hs.75160 


834 


183194 




phospholipase A2, group ILA (platelets, 
synovial fluid) 


H44953 




835 


183194 




phospholipase A2, group IIA (platelets, 
synovial fluid) 


H45000 




836 


77915 


PLA2G2A 


phospholipase A2, group IIA (platelets, 
synovial fluid) 


T61323 


Hs.76422 


837 


77915 


PLA2G2A 


phospholipase A2, group HA (platelets, 
synovial fluid) 


T61271 


Hs.76422 


838 


2367279 


PN0673 


PN0673 


AI741984 




839 


780947 


POLD1 


Polymerase (DNA directed), delta 1, 
catalytic subunit (125kD) 


AA429661 


Hs.99890 


840 


780947 


POLD1 


Polymerase (DNA directed), delta 1, 
catalytic subunit (125kD) 


AA446151 


Hs.99890 


841 


626206 


POLG 


polymerase (DNA directed), gamma 


AA188761 


Hs.80961 


842 


626206 


POLG 


polymerase (DNA directed), gamma 


AA188629 


Hs.80961 


843 


827129 


POLRMT 


polymerase (RNA) mitochondrial (DNA 
directed) 


AA521239 


Hs. 153880 


844 


2144562 


PRAX-1 


PRAX-1 


AI452994 




845 


826211 


PDCD2 


Programmed cell death 2 


AA521466 


Hs.41639 


846 


814337 


PCCB 


propionyl Coenzyme A carboxylase, beta 
polypeptide 


AA459122 


Hs.63788 


847 


814337 


PCCB 


propionyl Coenzyme A carboxylase, beta 
polypeptide 


AA459341 


Hs.63788 


848 


950710 


PCCA 


Propionyl-coA carboxylase alpha chain 


AA608575 


Hs.80741 


849 


824568 


KLK3 


Prostate specific antigen 


AA490981 


Hs.171995 


850 


843134 


PBP 


Prostatic binding protein 


AA486514 


Hs.80423 


851 


843134 


PBP 


Prostatic binding protein 


AA485909 


Hs.80423 


852 


. 261971 


PRSM1 


protease, metallo, 1, 33kD 


N27227 


Hs.183138 


852 


» 261971 


PRSM1 


protease, metallo, 1, 33kD 


H98666 


Hs.183138 


854 


375728 


PRSM1 


protease, metallo, 1, 33kD 


AA033807 


Hs.183138 


855 


51041 


Est 


protoporphyrinogen oxidase 


H18633 


Hs.123641 


856 


51041 


Est 


protoporphyrinogen oxidase 


H18716 


Hs.123641 


857 


247160 


PPOX 


protoporphyrinogen oxidase 


N57891 


Hs. 1000 16 


858 


504452 


PPOX 


protoporphyrinogen oxidase 


AA151249 


Hs.100016 


859 


504452 


PPOX 


protoporphyrinogen oxidase 


AA151248 


Hs.100016 
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860 


501939 


HHCMA56 


putative oxidoreductase 


AA128041 


Hs.519 


861 


501939 




puiauve oxiaoreauctase 




Tin cm 


862 


108378 


PC 


pyruvate carboxylase 


T77729 


Hs.89890 


863 


108378 




pyruvate carboxylase 


177720 


Hs.89890 


864 


80374 


PDHA1 


Pyruvate dehydrogenase (bpoamide) 
alpha 1 


T65833 


Hs.1023 


865 


80374 


PDHA1 


Pyruvate dehydrogenase 0ipoamide) 
aipna l 


T65758 


Hs.1023 


866 


826077 


PDHB 


pyruvate dehydrogenase (Hpoamide) beta 


AA521401 


Hs.979 


867 


279665 


PDX1 


Pyruvate dehydrogenase complex, lipoyl- 
containing component X; E3-binding 
protein 


N48320 


Hs.74642 


868 


279665 


PDX1 


Pyruvate dehydrogenase complex, lipoyi- 
containing component X; E3-binding 
protein 


N49046 


Hs.74642 


869 


1542260 


PDHA2 


PYRUVATE DEHYDROGENASE El 
COMPONbN 1 , ALPHA 


AA927400 




870 


1645668 


rDKl 


pyruvate dehydrogenase kinase, 
isoenzyme 1 


A T/\0 /T O 1 A 

AI026814 


Hs. 159477 


871 


666Z6 


No Data 


jr -r>T» /"V PU TK1 

QM PROlJttlN 


T67270 




872 


666S6 


No Data 


QM PROTEIN 


T67271 




873 


590727 


RENT1 


regulator of nonsense transcripts 1 


AA1 56342 


Hs.12719 


874 


590727 


RENT1 


regulator of nonsense transcripts 1 


AA156376 


Hs.12719 


875 


624627 


RRM2 


Ribonucleotide reductase M2 polypeptide 


AA1 87351 


Hs.75319 


876 


624627 


RRM2 


Ribonucleotide reductase M2 polypeptide 


AA1 88430 


Hs.75319 


877 


788334 


RPL23L 


ribosomal protein L23-like 


AA453015 


Hs.3254 


878 


730124 


RPL7 


Ribosomal protein L7 


AA412470 


Hs.153 


879 


730124 


RPL7 


Ribosomal protein L7 


A A -4 -1 *^ j# A 

AA412344 


Hs.153 


880 


809578 


RPS5 


Ribosomal protein S5 


AA456616 


Hs.76194 


881 


809578 


RPS5 


Ribosomal protein S5 


AA455795 


Hs.76194 


882 


214133 


FSRG1 


RING3 PROTEIN 


H72520 


Hs.75243 


883 


214133 


FSRG1 


RING3 PROTEIN 


H72918 


Hs.75243 


884 


110744 


SC02 


SCO (cytochrome oxidase deficient, 
yeast) homolog 2 


T90560 


Hs. 180903 


885 


110744 


SC02 


SCO (cytochrome oxidase deficient, 
yeast) homolog 2 


T83097 


Hs. 180903 


886 


646657 


SCOl 


SCOl (yeast homolog) cytochrome 
oxidase deficient 1 


AA205413 


Hs.14511 


887 


646657 


SCOl 


SCOl (yeast homolog) cytochrome 
oxidase deficient 1 


AA205579 


Hs.14511 


888 


1074487 


SDHD 


SDHD 


AA579646 




889 


951117 


SHMT2 


serine hydroxymethyltransferase 2 
(mitochondrial) 


AA620477 




890 


2138479 


XNHUSP 


SERINE-PYRUVATE 

A *\ ifnvT/"YT v D A XT' C "CCD A Of 


A1521 /2U 




891 


125183 


SSBP 


single-stranded DNA-binding protein 


R05693 


Hs.923 


892 


125183 


SSBP 


single-stranded DNA-binding protein 


R05694 


Hs.923 


893 




P1 


solute carrier family 1 (glial high affinity 

g, lLHtiIJUa.lv Vi diiopfJl LCI Jy lliCiilUv/1 J 


/VrV*tJJ O^J 


Ue 7S^70 


894 


813678 


SLC1A3 


solute carrier family 1 (glial high affinity 
glutamate transporter), member 3 


AA453742 


Hs.75379 


895 


586990 


SLC11A2 


solute carrier family 1 1 (proton-coupled 
divalent metal ion transporters), member 


AA133656 


Hs.57435 
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2 










ST P1 1 A 9 


solute carrier family 1 1 (proton-coupled 
divalent metal ion transporters), member 
2 ' 


AA133655 




897 


2029995 


SLC12A7 


solute carrier family 12 
(potassium/chloride transporters), 
member 7 


AI492956 


Hs.172613 


898 


190732 


SLC2A5 


Solute carrier family 2 (facilitated glucose 
transporter), member 5 


H38650 


Hs.33084 


899 


190732 


SLC2A5 


Solute carrier family 2 (facilitated glucose 
transporter), member 5 


H38733 


Hs.33084 


900 


758304 


SLC25A14 


solute carrier family 25 (mitochondrial 
carrier, brain), member 14 


AA404241 


Hs. 194686 


901 


758304 


SLC25A14 


solute carrier family 25 (mitochondrial 
carrier, brain), member 14 


AA401224 


Hs.194686 


902 


897107 


SLC25A1 


solute carrier family 25 (mitochondrial 
■ carrier; citrate transporter), member 1 


AA676877 


Hs.l 11024 


903 


878413 


SLC25A11 


solute carrier family 25 (mitochondrial 
carrier; oxoglutarate carrier), member 11 


AA670357 


Hs. 184877 


904 


433350 


SORD 


Sorbitol dehydrogenase 


AA700604 


Hs.878 


905 


1256737 


SPG7 


spastic paraplegia 7, paraplegin (pure and 
complicated autosomal recessive) 


AA876165 


Hs.78497 


906 


682528 


SCA1 


ofJlilUOCICLrClicU dldAld 1 

(olivopontocerebellar ataxia 1, autosomal 
dominant, ataxin 1) 


AA256507 


Hs.74520 


907 


682528 


SCA1 


cmnA^ /=>r"f>V\*^1 lot* ntov I o 1 

spinoccrcueiiar dtUAia i 
(olivopontocerebellar ataxia 1, autosomal 
dominant, ataxin 1) 


AA256508 


Hs/74520 


908 


128875 


SCA2 


opinucerCDcllaT alaXla JL 

(olivopontocerebellar ataxia 2, autosomal 
dominant) 


R10604 


Hs.76253 


909 


128875 


SCA2 


opiiiuu/Cicucucti alaJvla z. 

(olivopontocerebellar ataxia 2, autosomal 
dominant) 


R10603 


Hs.76253 


910 


447167 


SFRS8 


solicitiff factor areinine/se'riTie-'ricli 

(suppressor-of-white-apricot, Drosophila 
homolog) 


AA702973 


Hs.84229 


911 


1934125 


B34181 


steroid 11-beta-hydroxylase 


AI334352 




912 


859858 


STAR 


steroidogenic acute regulatory protein 


AA679454 


Hs.3132 


913 


855395 


SCP2 


sterol carrier protein 2 


AA664009 


Hs.75760 


914 


824699 


SUCA HUMAN 


SUCA HUMAN 


AA482206 




915 


80915 


SDHA 


Succinate dehydrogenase 2, flavoprotein 
(Fp) subunit 


T70043 




916 


80915 


SDHA 


Succinate dehydrogenase 2, flavoprotein 
(Fp) subunit 


T70109 




917 


797016 


SDHB 


succinate dehydrogenase complex, 
subunit B, iron sulfur (Ip) 


AA463565 


Hs.64 


918 


797016 


SDHB 


succinate dehydrogenase complex, 
subunit B, iron sulfur (Ip) 


AA463510 


Hs.64 


919 


366132 


SDHC 


succinate dehydrogenase complex, 
subunit C, integral membrane protein, 
15kD 


AA062805 


Hs.3577 
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920 


504145 


T <1C*1 


SUCCINATE-COA LIGASE 


AA132000 




921 


504145 


T Ci~"} 

LaCz 


SUCCINATE-COA LIGASE 


AA131817 




922 


845630 


s 


nr>^natp.rnA l?<»5Wf» ATYP-fnTrrvinp beta, 
subunit 


AA644577 


Hs.182217 


923 


1571111 


«irOT "HITMAN S 


»uccinyl CoA:3-oxoacid CoA transferase 


AA936982 




924 


9504oy \ 


SOD1 


Superoxide dismutase 1 (Cu/Zn) 


AA599127 


Hs.75428 


925 


1572467 j 




Superoxide dismutase 2 


AA934677 




926 


346860 \ 




superoxide dismutase 2, mitochondrial 


W78148 


Hs.177781 


927 


346860 j 




superoxide dismutase 2, mitochondrial 


W79913 


Hs.177781 


928 


840708 




Superoxide dismutase 2, mitochondrial 


AA488084 


Hs.177781 


929 


840708 ! 




Superoxide dismutase 2, mitochondrial 


AA487750 


Hs.177781 


930 


1343732 


SOD3 


Superoxide dismutase 3, extracellular 


AA725564 


Hs.2420 


931 


433474 


SURF1 j 


Surfeit 1 


AA699560 


Hs.3196 


932 


2114302 | 


surfeit 1 


CTH"fi»1+ 1 
oLU lClt 1 


AI417847 


Hs.3196 ! 


933 


782797 j 


SMN1 


survival 01 motor neuron 1 , tciumci ii/ 


AA448194 


Hs 77306 


934 


704299 i 


TA7 


tafazzm (cardiomyopathy, dilated 3A (X- 
1 inked); endocardial fibroelastosis 2; 
Barth svndrome^ 


AA279440 


Hs.79021 


935 


789376 | 


*T r V"MT>l*\1 


tfiiorpHnxin reductase 1 


AA453335 


Hs. 13046 


936 


789376 1 


TYMDni 

lyUNKJJi 


fhioredoxin reductase 1 


AA464849 


Hs.13046 


937 


796000 1 


JVlro 1 


fhinculfate <5ul , fiirtrans'ferase frhodanese^ 


AA461065 


Hs.74097 


938 


796000 


MPST 


thiosulfate sulfurtransferase (rhodanese) 


AA460495 


Hs.74097 


939 


856167 I 


TARS 


inrc ony i~ uvin /\. ayiiiiiciaoc 


AA630628 


Hs 84131 


940 


205185 1 


THBD 


XViroTnhotnrjduli'n 


H59861 


Hs.2030 


941 


205185 


THBD 


Thrombomodulin 


H60674 


Hs.2030 


942 


246300 


TIAL1 


TIA1 cytotoxic granule-associated RNA- 

OUT. til 11 g pitllClll-lllvC 1 


N59426 


Hs. 182741 


943 


842846 


TIMP2 


tissue inhibitor of metalloproteinase 2 


AA486280 


Hs.246948 


944 


489519 


TIMP3 


tissue inhibitor of metalloproteinase 3 
(Sorsby fundus dystrophy, 
pseudoinflammatory) 


AA099153 


Hs.245188 


945 


489519 


1 TIMP3 


tissue inhibitor of metalloproteinase 3 
(Sorsby fundus dystrophy, 
pseudoinflammatory) 


AA099251 


Hs.245188 


946 


754106 


I TIMP3 


tissue inhibitor of metalloproteinase 3 
(Sorsby fundus dystrophy, 
pseudoinflammatory) 


AA479202 


Hs.245188 


947 


754106 


I TIMP3 


tissue inhibitor of metalloproteinase 3 
(Sorsby fundus dystrophy, 

pbCUUvJiiii idimiiauji y j 


AA478662 


Hs.245188 


948 


433481 


] TCF2 


transcription factor 2, hepatic; LF-B3; 
variant nepanc nucic<tr ldoiur 


AA699573 


Hs. 169853 


949 


785845 


! TCroLl 


Transcription factor 6-like 1 

fmi+nr>h on r! rial trsmwrintioTi factor l-lilce'' 
mi hjuiiij mil icii ucuiowii^juv^ii iaviui a. xi^.v^ 


AA449118 


Hs.75133 


950 


785845 


I TCF6X1 


Transcription factor 6-like 1 

Ami4 , />r»Vinn/1rtEll fTSl Tl 5 f*.T*1 fltl OT1 "foctOT* 1-Hlce 
|U 11 It JtJl lUIllll ldl UCUlOwll^JllUU JL&\rfWl A ii*wv 


) AA449551 


Hs.75133 


951 


841334 


I STIP1 


TRANSFORMATION-SENSITIVE 
p-p OTFHSJ TpP QQp 3521 

i 1VV_/ 1 DliN 11-/ 1 uOI JJXil 


AA487635 


Hs.75612 


m: 


I 841334 


S STIP1 


TRANSFORMATION-SENSITIVE 
PROTEIN IEF SSP 3521 


AA487427 


Hs.75612 


95: 


* 2114841 


I U66035 


translocase of inner mitochondrial 
membrane 8 


AI432207 




|95< 


% 970880 


I TPM4 


tropomyosin 4 


AA774983 


Hs. 102824 
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955 


341328 


TPM1 


Tropomyosin alpha chain (skeletal 
muscle) 


W58092 


Hs.77899 


956 


341328 


TPM1 


Tropomyosin alpha chain (skeletal 
muscle) 


W58009 


Hs.77899 


957 


32621 


WARS2 


tryptophanyl tRNA synthetase 2 
(mitochondrial) 


R43272 


Hs.227274 


958 


32621 


WARS2 


tryptophanyl tRNA synthetase 2 
(mitochondrial) 


R18903 


Hs.227274 


959 


684582 


WARS 2 


tryptophanyl tRNA synthetase 2 
(mitochondrial) 


AA251354 


Hs.227274 


960 


684582 


WARS2 


tryptophanyl tRNA synthetase 2 
(mitochondrial) 


AA251468 


Hs.227274 


961 


594079 


TID1 


tumorous imaginal discs (Drosophila) 
homolog 


AA169872 


Hs.6216 


962 


594079 


TID1 


tumorous imaginal discs (Drosophila) 
homolog 


AA169567 


Hs.6216 


963 


1569989 


YWHAB 


tyrosine 3-monooxygenase/tryptophan 5- 
monooxygenase activation protein, beta 
polypeptide 


AA962407 


Hs.l 82238 


964 


1591788 


YWHAZ 


tyrosine 3-monooxygenase/tryptophan 5- 
monooxygenase activation protein, zeta 
polypeptide 


AA976477 


Hs.75103 


965 


25499 


UQCRH 


UBIQUINOL-CYTOCHROME C 
REDUCTASE COMPLEX 1 1 KD 
PROTEIN PRECURSOR 


R11698 


Hs.73818 


966 


25499 


UQCRH 


UBIQUINOL-CYTOCHROME C 
REDUCTASE COMPLEX 1 1 KD 
PROTEIN PRECURSOR 


R17676 


Hs.73818 


967 


855843 


UQCRB 
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zinc finger protein 148 (pHZ-52) 
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745503 



ZNF9 



zinc finger protein 9 (a cellular retroviral 
nucleic acid binding protein) 



AA625995 



Hs.2110 



Temple 2 

Mouse Mitochondrial Biology Array 

A mouse mitochondrial biology array is made from clones representing expressed 
sequences- The clones placed on the array are shown in Table 4 which references sequence 
ID NOS:995-3040 provided herein setting forth the 5' and 3' sequences from these clones. 
See Tanaka, T.S. et al., (2000) "Genome-wide expression profiling of mid-gestation placenta 
and embryo using 15k mouse developmental cDNA microarray ,, Proc. Natl Acad. Sci. USA 
97:9127-9132. Equivalent clones useful as probes are listed in Table 5. The clones listed in 
Table 4 are preferable to the clones listed in Table 5. The clones identified in Table 4 are 
used to make a set of probes called Mouse Probe Set #2. The clones identified in Table 5 are 
used to make a set of probes called Mouse Probe Set #3. Control sequences are also placed 
this array. Controls include, but are not limited to blanks, DMSO, probes derived from plant 
sequences, sequence(s) not involved in mitochondrial biology, and poly adenine (40-60 
nucleotides long). Sequences used to make probes for the mouse mitochondrial genes can 
also be found in GenBank Accession No. J01420, which provides the complete mouse 
mitochondrial genome. Preferably, the probes used for ATP8 and ATP6 do not cross- 
hybridize with each other. 
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Example 3 

Identification of Mutations Causing Disease 

The mitochondrial respiratory complex I is assembled from seven mtDNA genes and 
thirty-six nDNA genes. Patients with complex I defects have phenotypes ranging from 
midlife-onset optic atrophy to lethal childhood Leigh's disease. Mitochondrial biology 
expression profiles were determined for patients with a variety of complex I defects. 
Samples are collected from a variety of patients with complex I defects. Each sample is 
reverse transcribed, labeled, and hybridized, together with standard target, to a human array 
comprising probes selected from Example 1. The hybridization measurements are analyzed, 
leading to the identification of several novel mtDNA mutations and dominant and recessive 
nDNA mutations. 

Example 4 

Profile for Complex IV Leigh's Syndrome 

The mitochondrial biology expression profile was determined for a complex IV 
Leigh's syndrome (LS) patient. LS is a subacute neurodegenerative condition characterized 
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by necrotic lesions in the brain stem, basal ganglia, thalamus and spinal cord. Death is 
usually within 2 years of onset of symptoms that may include motor and/or intellectual 
retardation, abnormal breathing rhythm, nystagmus, opthalmoparesis, optic atrophy, ataxia, 
and dystonia. The Leigh's syndrome patient had a typical complex IV cytochrome c oxidase 
deficiency associated whh surfeit 1 (SURF-1) gene mutations. This patient was from a 
consanguineous marriage and was homozygous for a nonsense mutation in the SURF-1 gene. 
Expression profiling of muscle and cultured cell samples from this patient using a human 
array of Example 1 was performed, in comparison to a control reference standard. NDUFS8 
expression was not significantly altered. However, many nuclear and mitochondrially 
encoded complex I genes were down-regulated, including mtDNA transcripts ND4, NDL4, 
and ND6. Nuclear genes SURF-1, SOD2, 70fcD heat shock protein, voltage dependent anion 
channel (VDAC4), adenine nucleotide translocase 2 (ANT2), and glutathione peroxidase 3 
were down-regulated. 

Example 5 

P™fi1» for Com plex I T jwflh's Syndrome 

Mitochondrial biology expression profiles were determined for twelve complex I 
Leigh's syndrome patients (Procaccio, VF (2001) EuroMit5 Abstract). Sequencing of all 43 
genes known to be part of complex I, of each patient, identified one patient as a compound 
heterozygote for two missense mutations in the 23 kD NADH dehydrogenase (NDUFS8) 
gene of complex I. This patient had a respiratory complex I defect apparent in skeletal 
muscle and cultured lymphoblastoid cells. Samples were collected from cultured 
lymphoblastoid cells from this patient and control reference lymphoblastoid cells. Samples 
were reverse transcribed and differentially labeled and hybridized to a human array 
comprising probes selected from Example 1. The expression profile was determined using a 
hierarchical clustering method. Mitochondrial biology expression profiles from the other 
patients were similarly determined using appropriate samples and controls. Expression 
profiles of all patients were characteristic of complex I deficiencies, including down- 
regulation of all mtDNA and some nDNA complex I genes and up-regulation of the adenine 
nucleotide translocator genes (ANT1 and ANT2). 
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Example 6 

Diagnosis of Complex IV Leigh's Syndrome 

The mitochondrial biology expression profile for Leigh's syndrome SURF-1 nonsense 
mutations, as determined in Example 4, is used to diagnose patients. Samples are collected 
from patients and mitochondrial biology expression microarray-tested using a human airay 
containing probes for at least SURF-1, ND4, NDL4, ND6, SOD2, 70kD heat shock protein, 
VDAC4, ANT2, and glutathione peroxidase 3. 

Example 7 

A Mouse MitoChip 

A mouse Mitochip was printed with probes for 452 genes. Some of these genes were 
represented by two or more probes, providing internal controls for the reproducibility of gene 
expression quantitation. An additional 37 control spots were included on the array. Of these, 
25 were probes for housekeeping genes to allow normalization between samples. The 
remaining 12 spots were various controls for hybridization and positioning. Table 2 lists the 
functional categories and number for all of the housekeeping genes on this array. The cDNA 
clones that represent each gene were either from the LM.A.G.E. consortium or cloned by The 
Center for Molecular Medicine and published in (Murdock et aL, 1999). A complete 
annotation of each gene was compiled and GenBank accession numbers and Unigene cluster 
numbers were determined. Table 5 provides a list of the probes on this array. 

Example 8 

Profile of Sod2 Heterozygote Mutant Mice at Various Ages 

Oxidative stress has been implicated in aging and degenerative disease. Mitochondria 
are thought to be the main source of reactive oxygen species such as superoxide anion. 
Mitochondrial superoxide anion is normally detoxified by manganese superoxide dismustase 
(MnSOD, the Sod2 gene). However, when, free radical metabolism is perturbed, oxidative 
damage to protein, DNA, and lipids may occur. To demonstrate the effects of increased 
superoxide anion toxicity on mitochondrial physiology with age, the mitochondrial biology 
expression profiles of mice with a 50% reduction in MnSOD (Sod2 +/-) were determined at 
various ages. Samples were collected from young (5 months), middle-aged (10-14 months), 
and old (20-25 months) wild-type and Sod2 +/- mice. Samples were reverse transcribed and 
differentially labeled from the corresponding controls. The labeled mutant sample and the 
corresponding labeled control were hybridized with the mouse array of Example 2. Relative 
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to the control mice, the old Sod2 +/- mice showed induction of antioxidant and apoptosis 
genes including glutathione peroxidase 3, apoptosis inhibitory factor 3, caspase 1, and the 
peripheral benzodiazepine receptor. 



Example 9 

Profile of SoH? Homozvp "tR Mutant Mice 

Manganese superoxide dismutase (MnSOD, the Sod2 gene) is a gene expression 
product involved in mitochondrial biology. Sod2 -/- animals die soon after birth due to the 
superoxide inactivation of mitochondrial iron-sul&r center enzymes resulting in dilated 
cardiomyopathy. The mitochondrial biology expression profile of Sod2 -/- mice is 
determined using the mouse MitoChip of Example 2. RNA samples are collected from Sod2 
-/- mice and Sod2 +/+ mice. The Sod2 -/- sample is reverse transcribed and labeled with Cy3 
phosphoramidite. The Sod2 +/+ sample is reverse transcribed and labeled with Cy5 
phosphoramidite. The labeled samples are incubated with a mouse array under conditions of 
high stringency hybridization. The hybridization of both samples is measured with a 
microarray reader. The hybridization measurements are recorded. 



Tram ple 10 

Profile of GPvT Mutant Mice 

Glutathione peroxidase 1 (GPxl) is an expressed sequence involved in mitochondrial 
biology. GPxl -/- animals show mild growth inhibition and reduced OXPHOS efficiency. 
The mitochondrial biology expression profile of GPxl -/-mice is determined using a mouse 
array of Example 2. RNA samples are collected from GPxl -/- mice and GPxl +/+ mice. 
The GPxl -/- sample is reverse transcribed and labeled with Cy3 phosphoramidite. The 
GPxl +/+ sample is reverse transcribed and labeled with Cy5 phosphoramidite. The labeled 
samples are incubated with a mouse array under conditions of high stringency hybridization. 
The hybridization of both samples is measured with a microarray reader. The hybridization 
measurements are recorded. 



Pvample 11 

Profile of Sod ? T^terozvgo te GPxl Homozygote Doubly Mutant Mice 

The mitochondrial biology expression profile of Sod2 -/+ plus GPxl -/- mice is 
determined using a mouse array of Example 2. RNA samples are collected from Sod2 -/+ 
plus GPxl -/- mice and Sod2 +/+ plus GPxl +/+ mice. The Sod2 -/+ plus GPxl -/- sample is 
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reverse transcribed and labeled with Cy3 phosphoramidite. The Sod2 +/+ plus GPxl +/+ 
sample is reverse transcribed and labeled with Cy5 phosphoramidite. The labeled samples 
are incubated with a mouse array under conditions of high stringency hybridization. The 
hybridization of both samples is measured with a microarray reader. The hybridization 
measurements are recorded. 

Example 12 

Profile of Mutant Mice Overexpressing Sod2 and/or GPxl 

The mitochondrial biology expression profiles are determined using a mouse array, 
for mice overexpressing MnSOD and for mice overexpressing MnSOD plus GPxl. 

Example 13 

Profile of p° Mutant Cell Line 

A mouse array of Example 2 was used to determine the mitochondrial biology 
expression profile of the mouse mutant cell line p°, the most extreme case of mitochondrial 
dysfunction. The LMEB4 (p°) cell line was profiled against its parental LM(TK) - cell line. 
The mouse mutant cell line p° lacks mitochondrial DNA. To maintain the LMEB4 ceE line 
in culture, it must be grown in media supplemented with glucose, pyruvate, and uridine (GUP 
media). A scatter plot of the gene expression ratios is shown in FIG. 3. Samples from the p° 
cell line and from the LM(TK) cell line were reverse transcribed and differentially labeled 
using a standard two-color fluorescent system, and hybridized to a mouse array of Example 2. 
Mouse array analysis confirmed that all mtDNA-encoded transcripts were absent from the 
LMEB4 cells, and that there was a reduction in nDNA OXPHOS gene expression, aconitase, 
and nuclear receptor binding factor 1 (NRBF1). There was an increase in expression of key 
glycolytic genes, mitochondrial ribosomal proteins, the LON protease, heat shock protein 84 
(HSP 84), Bcl-X binding protein, and antioxidant protein 1. Invariably, the nuclear-encoded 
OXPHOS complex subunits were also down-regulated between 3 and 38-fold with a mean of 
4.5 (the mean was calculated excluding the single outlying complex I subunit NADH- 
dehydrogenase mwfe which was down-regulated 38-fold). Mitochondrial transport proteins 
such as the Glutamate-malate transporter were down-regulated as was the mitochondrial 
protein import subunit gene Tim 17 and several amino acid metabolism genes. By contrast, 
glycolytic genes such as pyruvate kinase, glucose phosphate isomerase and glucose-6- 
phosphate dehydrogenase were up-regulated 2 to 3-fold. Phosphofructokinase was up 1.6- 
fold. Anti-apoptotic genes such as apoptosis inhibitor 2 and 3 were up-regulated as was the 
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pro-apoptotic Bcl-Xs binding protein BNIP3 and Caspase 2. The other Bel protein family 
members that are on the array were not changed significantly. The multi-function 
mitochondrial LON protease was up-regulated 2.1-fold. 



P.-ram ple 14 

Profile of C AP R Mutant Cell Line 

A mouse array of Example 2 was used to determine the mitochondrial biology 
expression profile of the mouse mutant cell line harboring a mutation for chloramphenicol 
resistance (CAP R ), and the CAP R 501-1 cell line having a mtDNA mutation in the 16S rRNA 
gene. The CAP R mutation in chimeric mice causes cataracts, reduced photoreceptor 
response, vacuolization of the retinal pigment epithelium, and hamartomatous outgrowths of 
the optic nerve head. Mice inheriting the CAP R mutation showed a marked increase in 
embryonic lethality, and those that were bom died within two weeks with growth retardation, 
dilated cardiomyopathy, and mitochondrial abnormalities. CAP R 501-1 was compared to the 
CAP S LM(TK) - cell line. These two cell lines are both derived from mouse L929 cells. 
Samples from the CAP R cell line and from wild-type cells were reverse transcribed and 
differentially labeled with a standard two-color fluorescent system, and hybridized to a 
mouse array of Example 2. The CAP R cell line had up-regulation of all thirteen mtDNA 
transcripts, but down-regulation of multiple nDNA OXPHOS genes. The CAP 11 501-1 cell 
line versus the LM(TK)- gene expression scatter plot showed mat all mtDNA transcripts 
were up-regulated 3.1 to 3.5-fold while the nuclear encoded OXPHOS subunits were down- 
regulated 2.1 to 5.3-fold. Procollagen type HI and VI were also up-regulated 3.5 to 4-fold. 

ttyanrple 15 

Profile of Treatment to Cell Line 

Mouse arrays of this invention were used to demonstrate how treatment changes, such 
as changing cell culture conditions, affect gene expression. The control cell line LM(TK) - 
grown in standard medium was profiled against a culture of LM(TK) - cells grown in media 
supplemented with glucose, pyruvate, and uridine (LM(TK) - (GUP)). Samples from the 
treated fibroblast cell line and from untreated fibroblast cells were reverse transcribed and 
differentially labeled with a standard two-color fluorescent system, and hybridized to a 
mouse array of Example 2. Treatment resulted in a down-regulation of the LON protease and 
HSP 84. The scatter plot of this experiment showed that other than the same core group of 
genes that were up-regulated in the NZB cell line mentioned in Example 17, few genes were 
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significantly different in their expression. The hybridization spots of three genes that showed 
the highest differences were HSP70, the LON protease, and E.T.F. The 70 kDa heat shock 
protein (HSP70) was down-regulated 3.4-fold. HSP70 has been shown to be a chaperone 
protein involved in mitochondrial protein import that forms an ATP-dependent motor with 
the inner mitochondrial membrane translocase and the polypeptide in transit (Voos, W. et al., 
"Mechanisms of protein translocation into mitochondria," [1999] Biochimica et Biophysica 
Acta 1422:235-54). The entire HSP70 control spot was of medium intensity, while the 
experimental spot was only medium intensity in the center. The LON protease was down- 
regulated 9.7 fold in LM(TK) - cells grown in GUP. The control LON protease spot was of 
medium high intensity over the entire spot and of low intensity in the experimental spot The 
electron transfer flavoprotein (ETF), which shuttles electrons gathered during fatty acid 
metabolism to the electron transport chain, was down-regulated 3.8 fold. The E.T.F control 
spot was high intensity and the experimental spot very low intensity. Some of the nuclear 
encoded OXPHOS subunits as well as several proteins involved in amino acid metabolism 
were down-regulated 1.5 to 2-fold with mean ratio of 1.65. Since most of these genes fell 
below the +/- 1.7 ratio cutoff, further analysis was needed to determine if the expression 
pattern was significant. There were no differences in mtDNA transcript levels and no 
consistent pattern of up-regulation of glycolytic genes. 

Example 16 

Profile of Sod2 Mutant Mice After Treatment and Before Symptoms 

Treatment of Sod2 mutant mice with MnTBAP prevents cardiac and liver pathology, 
however after 12 days the MnTBAP-treated mutant animals develop a prominent movement 
disorder which leads to debilitation by three weeks, in association with spongiform changes 
and gliosis in the cortex and specific brain stem nuclei associated with motor function. It is 
thought that the severe neuropathology results from poor exchange of MnTBAP across the 
blood brain barrier. The mitochondrial biology expression profile of MnTBAP-untreated, 
Sod2 mutant mice and MnTBAP-treated, Sod2 mutant mice was determined using the mouse 
array of Example 2. Samples were collected from 8 day old Sod2 mice without MnTBAP 
treatment, 8 day old Sod2 mice with MnTBAP treatment, and 12 day old Sod2 mice with 
MnTBAP treatment Samples were also collected from age-matched controls. About 20 
genes were found to be differentially expressed in all three groups of Sod2 knockout mice 
compared to the corresponding age-matched controls. The about 20 genes included 
bioenergetic genes such as the mitochondrial creatine phosphokinase, antioxidant enzymes 
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like the glutathione peroxidase 3, and apoptotic factors including caspase 1 and apoptosis 
inhibitor factor 3. The excitatory amino acid transporter 3, frataxin, and one EST of 
unknown function were also induced. Mitochondrial biology expression profiling 
demonstrated changes in expression before neuropathic changes were manifested. 

Kvam ple 17 

Organ-Specific Profiles of Muta nt Mice 

The NZB mouse line mtDNA and the "common haplotype" mtDNAs (129/Sv, 
C57B1/6J, C3H, BALB/c, and others which are thought to have arisen as the progeny of a 
single female (Ferris et al.,1982) differ by 108 nucleotides, and these polymorphic 
differences have been used to monitor the segregation of heteroplasmic populations of 
mtDNAs in mice created by embryo fusion techniques (Jenuth, J. P. et al., "Random genetic 
drift in the female germline explains the rapid segregation of mammalian mitochondrial 
DNA," [1996] Nat Genet 14:146-51; Jenuth, J. P. et al., 'Tissue-specific selection for 
different mtDNA genotypes in heteroplasmic mice," (1997) Nat Genet 16:93-5; Meirelles, 
F.V., and Smith, L.C., "Mitochondrial genotype segregation in a mouse heteroplasmic 
lineage produced by embryonic karyoplast transplantation," (1997) Genetics 145:445-51; 
Meirelles, F.V. and Smith, L.C., "Mitochondrial genotype segregation during preimplantation 
development in mouse heteroplasmic embryos," [1998] Genetics 148:877-83). Tissues from 
the NZB and CAP* mice were profiled on a mouse array. Messenger RNA was isolated from 
the brain, liver, spleen, kidney, heart, and skeletal muscle of a male mouse heteroplasmic for 
the NZB mtDNA and a male mouse that was 80% chimeric for ES cell-derived CAP R cells as 
defined by coat color. Due to the severity of the CAP R mutation it was not possible to 
analyze the mitochondrial gene expression changes in mice that were homoplasmic for the 
CAP R mtDNA. Control mRNA for each of the tissue samples was isolated from sex, age, 
and nuclear background-matched control mice. All of the tissue samples were genotyped to 
determine the levels of heteroplasmy for the NZB and CAP R mtDNA in each of the tissues. 
Equal levels of the NZB and "common" mtDNA were found in the six tissues analyzed from 
the NZB mtDNA-positive mice. The six tissues from the CAP R chimera had varying levels 
of CAP R mtDNA with the kidney and spleen having the highest amounts, 65% and 50% 
CAP R mtDNA, respectively. The heart contained approximately 20% CAP R mtDNA, while 
brain, liver, and muscle all contained between 5% and 10% CAP R mtDNA. Analysis of the 
NZB-mtDNA tissue samples did not reveal any differentially expressed genes in the heart, 
liver, brain, and kidney. A scatter plot from the NZB heart is shown in FIG 4. The scatter 
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plots from the liver, brain, and kidney are virtually identical in that nearly every gene has an 
expression ratio of 1. Analysis of the NZB-mtDNA spleen and muscle showed several genes 
that were differentially expressed in the two tissues. The NZB-mtDNA muscle showed a 1.5 
to 2.1-fold reduction in all mtDNA transcripts, pyruvate dehydrogenase was down 2.2-fold, 
and there was a general trend for nuclear-encoded OXPHOS subunits to be down-regulated 
1.4 to 1.8-fold. The vesicular transport protein, pantophysin, was down-regulated 4-fold and 
the glycogenolysis rate-limiting enzyme, glycogen phosphorylase, was down 3-fold. There 
were not any genes that were significantly up-regulated in the muscle. A similar pattern of 
mtDNA-encoded gene expression was observed in the NZB-mtDNA spleen with all 
transcripts down 1.8 to 2-fold. However, there were no differences in nuclear OXPHOS 
subunit expression levels like that observed in the NZB-mtDNA skeletal muscle. In contrast 
to the NZB-mtDNA muscle, several genes were up-regulated in the spleen. In direct 
opposition to the results in the NZB cell line, both probes of the heme biosynthesis gene 
coproporphyrinogen oxidase m derected up-regulation 3-fold in the spleen. The integral 
membrane protein SURF 4 was up 2-fold and the amino acid metabolism gene 2-amino-3- 
ketobutyrate CoA ligase was up 4.8-fold. Glycogen phosphorylase, down 3-fold in the 
muscle, was up 4.8 fold in the spleen- The muscle and spleen results suggest that the 
polymorphisms between the NZB and "common" mtDNA may have a functional 
consequence in some tissues but not others. Analysis of the CAP R tissue samples did not 
show any genes to be differentially expressed in the kidney, heart, muscle, liver, or spleen. 
The kidney, having the highest percentage of mutant mtDNAs, had expression ratios around 
1 for nearly every gene. The two outliers on the kidney scatter plot that appear to be down- 
regulated can be explained by hybridization artifacts causing a high background in the control 
sample. The CAP R brain sample was the only tissue that had any differentially expressed 
genes. Skd 3 was up-regulated 2.2-fold, glutathione peroxidase was up 2.4-fold and 
apoptosis-inhibitor 3 was up 2.4-fold. Although no genes were down-regulated in the brain 
more than 1.8-fold, closer analysis of the brain samples did reveal a trend that was not 
observed in any of the other tissues. Several nuclear-encoded OXPHOS subunits were down- 
regulated between 1.3 and 1.6-fold. These included five Complex I subunits, three Complex 
IV subunits and five Complex V subunits as well as VDAC 1 and 3. None of the Complex II 
and HI subunits or mtDNA transcripts followed this trend. Principal component analysis of 
NZB and CAP R mouse tissues, separately and together with the cell lines, was performed. 
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Example 18 

Identification of Genes for Mitochondrial Arrays 

Mice mutant in mitochondrial biology were used to identify genes involved in 
mitochondrial biology. Mice deficient in the heart/muscle isoform of the adenine nucleotide 
translocator (ANT1) exhibit many hallmarks of human oxidative phosphorylation (OXPHOS) 
disease, including dramatic proliferation of skeletal mitochondria. Samples were collected 
from the gastrocnemius muscle of ANT1 and wild-type mice, reverse transcribed and 
differentially labeled, and hybridized with a mouse microarray chip (Mouse Unigene 1, 
Incyte Genomics Inc., Palo Alto, California) containing over 8000 sequence-verified cDNAs. 
Analysis of the hybridization results identified more than 150 differentially expressed genes. 
Gene sequences that were not previously recognized as being involved in mitochondrial 
biology were used to generate probes that were placed on the mouse array of Example 2. 
Homologous human gene sequences were used to generate probes that were placed on the 
human array of Example 1 . 

Example 19 

Profile of Age-Related Changes in Chimp a^^ee ITsi ng Human Mitochondrial Array 

Age-related changes in the mitochondrial biology expression profile in chimpanzees 
are determined using a human array of Example 1 . Samples from young adult chimpanzee 
muscle and samples from most-mortem tissues of older chimps are reverse-transcribed, 
differentially labeled, and hybridized with a human array of Example L 

Example 20 

Profile of Putative Neutral Variant Mutant Mouse 

The NZB cell line was profiled to examine the changes in mitochondrial gene 
expression resulting from a more neutral set of mtDNA polymorphisms. As mentioned 
previously, the NZB mtDNA contains 108 sequence differences compared to the "common" 
mouse mtDNA genotype found in LM(TK). While these differences were reported to be 
neutrally polymorphic (Jenuth et al., [1996] Nature Genetics 14:146-151; Meirelles and 
Smith [1997] Genetics 145:445-451), the only evidence to support that hypothesis is that 
transgenic mice containing a high percentage of NZB mitochondria have no overt phenotypes 
(Levy, S. E., "Genetic Alteration of the Mouse Mitochondrial Genome and Effects on Gene 
Expression," (2000) Ph.D. Thesis, Emory University; Jenuth et al. [1997] Nature Genetics 
16:93-95; Meirelles and Smith [1998] Genetics 148:877-883). An NZB cybrid cell line was 
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profiled on a mouse mitochondrial array. The scatter plot of gene expression ratios between 
the NZB cell line and the parental LM(TK) - (without GUP supplementation) shows that both 
probes of the fatty acid metabolism gene Acyl-CoA dehydrogenase (medium-chain) detected 
up-regulation 3.6-fold. Procollagen III and VI were up-regulated 6.2 and 6.8-fold, 
respectively. Two independent probes of the copropoiphyrinogen oxidase III gene that is 
involved in heme biosynthesis detected down regulation 2.6 and 2.3-fold. Also down- 
regulated was the peripheral-type benzodiazepine receptor. This receptor has been implicated 
in a variety of mitochondrial functions including the regulation of mitochondrial protein 
import under conditions of oxidative stress, calcium homeostasis, and steroidogenesis (Culty, 
M. et al., "In vitro studies on the role of the peripheral-type benzodiazepine receptor in 
steroidogenesis " [1999] J. Steroid Biochemistry & Molecular Biology 69:123-30; Wright, 
G., and Reichenbecher, V. cc The effects of superoxide and the peripheral benzodiazepine 
receptor ligands on the mitochondrial processing of manganese-dependent superoxide 
dismutase," [1999] Experimental Cell Research 246:443-50). The glycolytic genes 
glyceraldehyde-3-phosphate dehydrogenase and glucose-6-phosphate isomerase were up- 
regulated 1.7 and 2.1 -fold, respectively. Glycolytic genes were also up-regulated in the NZB 
cell line. This indicates that the sequence polymorphisms between the NZB and "common" 
mtDNAs are not entirely neutral and cause changes in mitochondrial function when 
combined with the LM(TK) - nucleus. Thus, the NZB mtDNA does not appear to be 
completely interchangeable with the "common" mtDNA genome. An interesting group of 
genes that were up-regulated in the NZB cell line were the pro-inflammatory genes Caspase 1 
and platelet activating factor (PAF) acetylhydrolase, the mitochondrial RNA polymerase, and 
glutathione peroxidase 3. 

» 

Example 21 

Hierarchical Clustering of Cell Lines 

Principal component analysis (PCA) and hierarchical clustering were performed on 
the cell line data (Examples 13-15 and 20) to group genes based on similarities in their 
expression patterns over all the samples. PCA analysis was used to reduce the dimensionality 
of the data by calculating three principal axes that encompass as much of the variability in all 
of the samples as possible. Each of the samples was then plotted on those axes in three- 
dimensional space. The PCA results revealed that the NZB cell line clustered away from the 
other cell lines, consistent with it having fewer differentially expressed genes in common 
with the other samples. The LMEB4 pO , 501-1 and LM(TK) - (GUP) cell lines all arrayed 
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along one common principle axis, probably due to the commonality of a down-regulation of 
nuclear OXPHOS genes. However, they were divergent in the other two axes. The LM(TK) 
- (GUP) and NZB did share one axis, possibly due to a partial reduction in OXPHOS genes 
and a concomitant induction of glycolytic gene expression. However, both showed few 
differences when compared to Ihe CAP R 501-1 and LMEB4 pO samples. A hierarchical 
clustering algorithm was used to group genes with similar expression profiles across all of the 
samples. Bolh genes as well as samples were clustered together using a Euclidean distance 
measurement and average linkage. The clustering results revealed seven groups of genes 
with similar expression patterns in the cell line samples. Certain classes of genes were found 
to change together. Similar to the PCA analysis, the expression changes seen in the LM(TK) - 
(GUP) and NZB samples clustered closest together with the CAP R 501-1 and LMEB4 pO 
samples branching successively further away. The Group 1 genes are involved in fatty acid 
metabolism. Group 2 genes, mainly down-regulated in the LM(TK) - (GUP) sample, include 
malate dehydrogenase, lactate dehydrogenase, glucose phosphate isomerase, and several 
amino acid metabolism genes. Group 3 genes are diverse clusters of genes that change in 
expression coordinately across the 5 samples. It includes some nuclear-encoded OXPHOS 
subunits, a few antioxidant and transport proteins as well as pyruvate kinase and a GTP- 
binding protein. Group 4 is a small, diverse cluster of genes mainly up-regulated in the CAP 
R 501-1 cell line. This group includes several of the same genes found to be up-regulated in 
the Antl(-/-) mouse by differential display analysis (Murdock et al., 1999). Also in this group 
are two NADP-transhydrogenases, carbonate dehydratase and cytochrome b5 reductase. 
Group 5 is almost exclusively nuclear-encoded OXPHOS subunits. The voltage-dependent 
anion channel (VDAQ genes and several antioxidant proteins also cluster in this group. 
Group 6 is composed almost entirely of mtDNA-encoded transcripts. Group 7 is the 
heterogeneous group of genes that were up-regulated in each of the samples analyzed and 
included Caspase 1, PAF acetylhydrolase, the mitochondrial RNA polymerase, and 
glutathione peroxidase 3. Hierarchical clustering packages are available in the art, i.e. 
Expression Profiler (http://ep.ebi.ac.uk/EP/ from the European Bioinformatics Institute, 
Cambridge, UK). PCA is described in Rininformatics 2001. volume 17, number 9, pages 
763-774. 

The following examples describe the preparation of a mitochondrial biology 
expression array, sample preparation, hybridization, scanning, and data normalization. 
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Example 22 

PCR Amplification 

PCR amplifications were performed with standard PCR techniques. Probes were 
made my amplifying clones using a universal primer set (Forward primer 5'- 
CTGCAAGGCG ATTAAGTTGGGTAAC-3 ■ Reverse primer 5'- 
GTGAGCGGATAACAATTTCAC ACAGGAAACAGC-3') in a 100 p,l PCR reaction 
containing PCR buffer (10 mM Tris, 1 .5 mM MgC12, 50 mM KC1, pH8.3), 0.2 mM dNTPs, 
0.2 mM each primer, 1.25 U Taq (Sigma, St Louis, MO). 0.5-1 pi of bacterial culture was 
added to each PCR reaction and thermal cycling was done as follows: 4 minutes at 94 C 
followed by 35 cycles of 15 seconds at 94 C, 30 seconds at 66 C and 1 minute 30 seconds at 
72 C. Following cycling, reactions were held at 72 C for 4 minutes to complete all extension 
reactions. All PCR products were confirmed by agarose gel electrophoresis through a 1.5% 
gel. After satisfactory amplification, products were quantitated by UV 260/280 ratio and 
desiccated in a Savant Speed-Vac (Holbrook, NY). Dried products were then resuspended in 
3xSSC (450 mM NaCl, 40 mM sodium citrate) at a concentration of 400-600 ng/jxl for 
arraying. 

Example 23 
Slide Preparation 

Before arraying probes, the glass microscope slides for the arrays were coated with 
poly-Lysine to provide a substrate for DNA binding. Standard glass microscope slides (Gold 
Seal, Beckton-Dickson, Franklin Lakes, NJ) were cleaned in a solution of 2.5 M NaOH, 60% 
ethanol for two hours. After cleaning, slides were rinsed five times in fresh water. The slides 
were then soaked in a solution of 0.01% poly-L-lysine, .lx PBS for 1 hour followed by 
rinsing in fresh water. After rinsing, the slides were dried in a vacuum oven at 45°C for 1 5 
minutes. 

Example 24 
Printing 

Arrays were printed onto poly-L-lysine coated glass slides using the GMS 417 
Arrayer (Aifymetrix/Genetic Microsystems, Woburn, MA). The arrays were printed using a 
4-pin print head with a spot size of 150 \xm (approximately 33 pL of volume per spot) and a 
center-to-center spot spacing of 375 ^im. A humidity level of 65-70% was maintained during 
the printing of the arrays by a custom humidifier system. After printing, the arrays were 
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allowed to dry for 1 hour at room temperature. The arrays were then processed by 
rehydrating over a warm solution of lx SSC for 5 minutes followed by rapid drying on a 
95°C heat block. Following drying, the DNA was crosslinked to the slide by exposing the 
arrays to 65 ml of ultraviolet energy (Stratalinker, Stratagene, La Jolla, CA). To block non- 
specific interactions on the arrays during hybridization, the slides were then treated with a 
solution of 60 mM succinic anhydride and 40 mM sodium borate in l-memyl-2-pyrrohdinone 
for 15 minutes at room temperature. The arrays were then denatured in 95°C water for 2 
minutes and dehydrated by rapid immersion in 95% ethanol. The arrays were then dried by 
centrifugation at 20xg for 5 minutes. 

Tram ple 25 

ftamplft Pre paration 

Total RNA preparations were performed using the TRIzol reagent (Life Technologies, 
Gaithersburg, MD) as per the manufacture's directions. For cell culture samples, a 90% 
confluent 225ml flask was lysed directly in the flask with 18 ml of TRIzol. At least three 
flasks were pooled for each cell line to reduce any variability caused by culture conditions. 
For each mouse tissue, RNA was isolated from approximately 500 mg of tissue that was 
mechanically homogenized in 6ml of TRIzol. Following the isolation of total RNA, poly-A+ 
mRNA was isolated using Qiagen Oligotex (Valencia, CA) as per the manufacture's 
directions. 

Example 26 

ReverselYanslatign, Labeling, W Hybridization 

To produce targets for hybridization to the MitoChip arrays, 2 pg of poly-A+ RNA 
was labeled with fluorescent nucleotides by reverse transcription. The poly-A+ RNA was 
mixed with 3 mg of anchored oligo-dT and incubated at 70°C for 10 minutes followed by 10 
minutes on ice. The denatured and annealed RNA was then reverse transcribed in a 30 pi 
reaction mix containing reaction buffer (50 mM Tris-HCl, 75 mM KC1, 3 mM MgC12 pH 
8 3) 10 mM dithio-threatol, 500 pM dATP,dGTP,dTTP, 300 pM dCTP, 20 U Superscript 
reverse transcriptase (Life Technologies, Gaithersburg, MD) and 100 pM of either Cy5-dCTP 
(control samples) or Cy3-dCTP (experimental samples). The reactions were incubated at 
42°Cfor2hours. Following incubation, 15 pi ofO.lMNaOH was added to degrade the 
remaining template RNA and the sample incubated at 70°C for 10 minutes. The reaction was 
neutralized by the addition of 15 pi of 0.1 M HC1 followed by 440 pi of TE buffer (10 mM 
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Tris, 1 mM EDTA, pH 7.4). The synthesized cDNA was purified by size-exclusion filtration 
using Microcon YM-3 centrifugal filter devices (Millipore, Bedford, MA). After 
purification, 10 ^g of poly-A RNA (Sigma, St Louis, MO) and 10 \xg of yeast transfer RNA 
(tRNA) (Life Technologies, Gaithersburg, MD) was added. The final sample volume was 
adjusted to 12 |xl and 525 mM NaCl, 52.5 mM sodium citrate, 0.25% SDS. The sample was 
denatured at 100°C for 2 minutes and added to the array. The sample and the array were 
hybridized under high stringency hybridization conditions. The sample and array were 
covered by a 22 mm x 22 mm coverslip and placed in a humidified hybridization chamber 
(Corning, Acton, MA) and incubated at 65°C for 12-16 hours. Following hybridization, the 
arrays were washed with successive 5-minute washes in 2xSSC, 0.1%SDS; lxSSC; and 
O.lxSSC. After the final wash, the arrays were dried by centrifugation at 20xg and scanned 
using the GMS 418 Army Scanner (Affymetrix/Genetic Microsystems, Woburn, MA). 



Thranriple 27 

Array Sc^ rmin ^ and Data Analyses 

Scanned arrays were saved as 16-bit TIFF files and analyzed using Biodiscovery's 
hnagene software (Los Angeles, CA). Data mining and clustering analysis was performed 
using Biodiscovery's GeneSight software. Prior to data analysis, all cell culture samples 
were normalized using all spots on the array. All mouse tissue samples were normalized to 
the housekeeping genes on the mouse array. Local background was calculated for each 
individual spot and any spot with a signal intensity less than 3 times over background or that 
had poor morphology was excluded from the data analyses. Only differential expression 
values of greater than 1 .7 were considered significant. All data mining and clustering 
analysis performed using GeneSight was on expression ratio data that was transformed by 
taking the natural log (In) of all values and normalized by Z-score. The data is transformed 
because of the non-Gaussian distribution of the expression ratio values. Because the ratios 
are bounded on the lower limit by zero, a non-Gaussian distribution is normally observed. To 
allow for additional statistical manipulations, the data was transformed for a more uniform 
distribution. The Z-score normalization method involved subtracting the mean from every 
observation and dividing by its standard deviation, effectively normalizing each spot to all 
other spots on the array. 
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Example 28 

Sam ple Hybridisation tn Mitochondrial Array 

Control cDNA samples were prepared from mRNA isolated from the LM(TK) - cell 
line and labeled with the Cy5 dye. Each experimental mRNA sample was labeled with the 
Cy3 dye, combined with the Cy 5 control sample and the mixture used to hybridize the array. 
A representative image of a hybridized array is shown in FIG 2. Any spot on an array that 
appeared red was due to hybridization of a large proportion of the Cy5-labeled control 
LM(TK) - sample and any sample that was green was due to the hybridization of a large 
proportion of the Cy3-labeled experimental sample. Any spot that is yellow is an about equal 
co-hybridization of the two targets. The fluorescence ratio was quantitated for each spot, 
permitting calculation of the relative abundance of each gene's mRNA in the two samples. 

Ttrample 29 

Normal isation 

The two fluorescent dyes that were used to label the cDNA produced during the 
reverse transcription of the mRNA have different structures and different emission maxima. 
Therefore, the two images that represent the hybridization of each of the fluorescently labeled 
samples were normalized to each other to account for the differences in dye behavior prior to 
calculating the expression ratios between the two images. One image was normalized to the 
other by averaging all of the spots in each image to derive a constant that was then applied to 
each spot. Alternatively, a predetermined set of genes that were expressed equally in the two 
samples under all conditions could have been used. The expression ratios of these genes 
were used to calculate a constant that was then applied to all spots on the array. A set of 25 
housekeeping genes in Table 2 was included on a mouse array for normalization and both of 
these methods were used in the analysis of the mouse cell line and tissue samples. 
Housekeeping gene expression in the cultured cells was much more variable than in the 
tissue samples. Because of the variability in the housekeeping gene expression patterns in the 
cell line samples, normalization was done using all of the spots on the array. The expression 
of the housekeeping genes was much more consistent in the tissue samples and normalization 
using either the housekeeping genes or the average of all of the genes gave similar results. 
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Example 30 

Clones useful for making control probes for the arrays of this invention are listed in 
Table 6. Sequences of the genes useful for making the control probes are provided in the 
sequence listings hereof 



Table 6 



SEQ ED NO. 


Gene Name 


Complete Gene Name 


GenBank 
Accession No. 


3041 


Beta Actin 


Human beta actin 


X63432 


3042 


Plant control CAB 


Arabidopsis photosystem I chlorophyll a/b binding 
protein 


X56062 


3043 


Plant control rbcL 


Arabidopsis ribulose-l,5-bisphosphate 
carboxylase/oxygenase large subunit 


U91966 


3044 


Plant control 
RUBISCO 


Arabidopsis RUBISCO activase 


X14212 



It will be appreciated by those of ordinary skill in the art that samples, sample 
collection techniques, sample preparation techniques, probes, probe generation techniques, 
genes involved in mitochondrial biology, hybridization techniques, array printing techniques, 
physiological conditions, cell lines, mutant strains, organisms, tissues, solid substrates, and 
methods of data analyses other than those specifically disclosed herein are available in the art 
and can be employed in the practice of this invention. All art-known functional equivalents 
are intended to be encompassed within the scope of this invention. 

REFERENCE TO SEQUENCE LISTINGS 
Tables 3-5 list sequence information on the clones that are useful for making probes 
for practicing the methods of this invention. Clone identification numbers are usually from 
NIA (National Institutes of Aging, National Institutes of Health, Bethesda, MD, USA), 
ResGen Invitrogen (Carlsband, CA, USA) or IMAGE Consortium, LLNL (Livermore, CA, 
USA). Gene names and descriptions are provided for the gene interrogated by a probe made 
from the corresponding clone. GenBank Accession Number and Unigene Cluster ID are 
provided where available. The functions of certain genes are included in Table 4. Sequences 
of the 5 ' and 3 ' ends of the clones listed in Tables 3-4 are provided when available. If no 5 ' 
or 3' sequence was available, gene sequence from the GenBank Accession No. provided for 
that clone is listed in some cases. The GenBank sequence may be larger than the sequence of 
the clone. The instant invention may be practiced without the sequence information provided 
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herein using the clones or GenBank listings. Other sequences derived from the genes 
interrogated by probes generated from clones listed in Tables 3-5 are useful for making 
equivalent probes using information known in the art, i.e., unique segments of such genes 
may be used. 

The sequence listings mat correspond to the clones listed in Table 3, covering human 
probes SEQ ID NOS: 1-994, contain information including: the sequence identification 
number, a GenBank Accession No. corresponding to the listed sequence or the gene 
interrogated by the probe containing the listed sequence; another GenBank Accession No. in 
parentheses which is associated with the listed sequence in Table 3; a Research Genetics 
(ResGen Invitrogen, Carlsbad, CA, USA) Clone ID No. identifying the clone from which the 
sequence was derived; the name of the gene from which the clone was derived; a description 
of the gene; the Unigene Cluster ID No. of the gene; the IMAGE Clone ID No., which is 
often the same as the ResGen Clone ID No., and information in parentheses identifying the 
sequence as 5' or 3' of the clone; the length of the insert of the clone; the source of the clone; 
the type of clone, such as cDNA; and the nucleic acid sequence. 

Sequence listings for control probes are provided as SEQ ID NOS:3041-3044. 

The sequence listings that correspond to the clones listed in Table 4, covering mouse 
probes SEQ ID NOS:995-3040, contain information including: the sequence identification 
number; a GenBank Accession No. corresponding to the listed sequence; the 5' and/or 3 ' 
sequence of the corresponding clone, or the gene from which the corresponding clone «* 
derived; the name and description of the gene from which the corresponding clone wa 
derived; the Unigene Cluster ID No. of the gene from which the corresponding clone w; 
derived; the name of the clone from which the instant sequence was derived; additional 
description of the gene; a set of titles usually including Clone Name, Rearray Sequence, 
Parent Sequence, Other EST, and Blast Link; a list of names including, in order of the above- 
mentioned titles, the name of the clone from which the sequence was derived, the name of the 
sequence with a suffix identifying it as the 5' (-5) or 3 ' (-3) sequence of the clone, the name 
of the parent sequence, and the name of another EST (expressed sequence tag), if it exists, 
which would be the other of the 3' or 5' sequence; the length of the sequence provided; and 
the nucleic acid sequence. 



was 
was 
was 
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SEQ ID NOS: 1-3044 are submitted herewith on a compact disk in file 
"Sequence Listing.txf ' which is incorporated herein by reference. 
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CLAIMS 

We claim: 

1 An array comprising at least two isolated nucleotide molecules, each molecule having 
a sequence capable of uniquely hybridizing to a nucleic acid molecule which is an 
expression product of a gene involved in mitochondrial biology. 

2. An array comprising two or more isolated nucleic acid molecules or spots, each spot 
comprising a plurality of isolated nucleic acid molecules, each molecule having a 
sequence consisting essentially of a sequence selected from the group consisting of 
the sequences of human probe set #1, SEQ ID NOS: 1 to 994, or mouse probe set #2, 
SEQ ID NOS: 995 to 3040, and sequences having at least 70% homology to the 
foregoing sequences. 

3 The array of claim 2 printed on a glass slide. 

4. The array of claim 2 comprising more than about ten spots. 

5. The array of claim 2 comprising more than about twenty-five spots. 

6. The array of claim 2 comprising all of the isolated nucleic acid molecules having the 
sequences of human probe set #1, SEQ ID NOS: 1 to 994. 

7. The array of claim 2 comprising all of the isolated nucleic acid molecules having the 
sequences of mouse probe set #2, SEQ ID NOS: 995 to 3040. 

8. The array of claim 2 also comprising one or more spots comprising control nucleic 
acid molecules, SEQ ID NOS:3041-3044. 

9. A method for determining an expression profile of a sample containing nucleic acid 

comprising: 

a) providing the sample; 

b) providing an array of claim 2; 

c) contacting said array with said sample under conditions allowing selective 
hybridization; and 
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it 

d) measuring hybridization of nucleic acid in said sample to said array to produce 
an expression profile. 

10. The method of claim 9 wherein said sample is from a mouse or a human. 

11. A method for determining an expression profile of a first labeled sample containing 
nucleic acid relative to a second, differently labled sample containing nucleic acid 
comprising: 

a) providing the first labeled sample; 

b) providing the second, differently labeled sample; 

c) providing an array of claim 2; 

d) contacting the array with the first sample and the second sample under 
conditions allowing selective hybridization; 

e) measuring hybridization of said first and said second samples to said array; 
and 

f) comparing the hybridization of said first sample to the hybridization of said 
second sample to produce an expression profile. 

12. The method of claim 1 1 wherein said second sample is a reference or a standard. 

13. A method for determining an expression profile diagnostic of an energy-metabolism- 
related physiological condition comprising: 

a) providing a labeled first sample from a first group of one or more individuals 
with said physiological condition; 

b) providing a differently labeled second sample from a second group of one or 
more individuals without said physiological condition; 

c) providing an array of claim 2; 

d) contacting the array with the first sample and the said second sample under 
conditions allowing selective hybridization; 

e) measuring hybridization of said first and said second samples to said array; 
and 

f) comparing the hybridization of said first sample to the hybridization of said 
second sample to produce an expression profile diagnostic of said 
physiological condition. 
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14. A method of making an array comprising: 

a) providing a prepared substrate; and 

b) printing two or more spots in known positions on said substrate, each spot 
comprising a plurality of isolated nucleic acid molecules, each molecule 
having a sequence consisting essentially of a sequence selected from the group 
consisting of human probe set #1, SEQ ID NOS: 1 to 994, mouse probe set #2, 
SEQ ID NOS: 995 to 3040, and sequences having at least 70% homology to 
the foregoing sequences. 

15. The method of claim 14 wherein said array comprises all of said isolated nucleic acid 
molecules in human probe set #1, SEQ ID NOS: 1 to 994. 

16. The method of claim 14 wherein said array comprises all of said isolated nucleic acid 
molecules in mouse probe set #2, SEQ ID NOS: 995 to 3040. 

17. A method of diagnosing a first individual with Complex IV Leigh's Syndrome 
comprising detecting in a first sample from said first individual at least about a 1 .7- 
fold decrease in the amount of expression of genes comprising ND4, NDL4, ND6, 
SURF-1, SOD2, 70kD heat shock protein, VDAC4, ANT2, and glutathione 
peroxidase 3 compared to the amount of expression of said genes in a second sample 
from a second individual without Complex IV Leigh's Syndrome. 

18. A library of at least two isolated nucleic acid molecules, each molecule having a 
sequence consisting essentially of a sequence selected from the group consisting of 
human probe set #1, SEQ ID NOS: 1 to 994, mouse probe set #2, SEQ ID NOS: 995 
to 3040, and sequences having at least 70% homology to the foregoing sequences. 

) 

19. An array comprising at least two spots, each spot comprising a plurality of isolated 
nucleic acid molecules, each molecule comprising a sequence with at least 70% 
homology to a sequence selected from the group consisting of human probe set #1, 
SEQ ID NOS: 1 to 994. 
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20. An array comprising at least two spots, each spot comprising a plurality of isolated 
nucleic acid molecules, each molecule comprising a sequence with at least 70% 
homology to a sequence selected from the group consisting of mouse probe set #2, 
SEQ ID NOS: 995 to 3040. 
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